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posslblei as ftps 8ug,^.8ted by J. Pasta, to conceive of a con^uter with 
n. fairly large number of arithmetical units, say a few hundred, if not 
a few thousand. Such capabilities must alter our traditional approaches 
to solutions of numerleal problems, especially in the field of partial 
differential equations. 

b. For many appM cations of Monte >rlo-type problems, the structure 
of spithTiv.-wl: units Is not very efflclen;. I-^ rrost applications 10 to 

12 bits ■ ; / 'unt-er u-a:Lliy suffice .. " q .-^ ') bits Vat ?xn usually 
available arc quite unnecessary* 

c. Faster and morn c<mpXex computers are being designed to extend 
the range of tractable problems. For none of the cooputers being com- 
mercially produced has the question been raised of the si^iifleasee; i.e., 
number of meaningful bits, in the ans%rer or answers. One may imagine 
that an ac eatable pr;. dur - <r /:t be to describe a number, not only 

as a fr ct.on and an f-ssci i xponent, but with an "index of sig- 
nifican e*. This binite fcrce approach clearly involves more hardware 
an. ...ntrol i:3apli'jat,lon3, if not some sacrifice in speed. Even so, 
it n'^ c.-:3:}letely clear vhat the appropriate rules should be. Some 
s : Tg stion: have alrea'iy betn made, but more study is necessary. 

G enefdl Rjcoflireendation 

It is stron?5ly recomm nded that a group bo formed to study these 

roble ts and work cut a iasically nttv attack on them. It is necessary 

' • ''-ii grou-- in! :ij<e not only mathematicians and engineers/ but 
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PROJECT 137 

IPENTinCATIOW OF CSRi'AIW CURREHT DEFEWSE 
PROBLEMS AND POSSIBLE MEAHS OF SOLUTIOH 

SUMMARY AMD RECOMMEHDATICNS 

latroductloa 

On July 6, 19^, the Advanced Research Projects Agency, vlth the 
approval of the Seeretaiy of Defense, asked the Institute for Defense 
Analyses to aet up a Study Work Groi^i Project 137, • . to identify 
problsffls not now receiving ade^ate attention where science can eon- 
tribute vitally to national security and to reeoamend agreed technical, 
and perhaps orgaaizatioa^l, neans for the solution of these problems. " 
Tventy-three scientists took part in the work of the grovtp dturing the 
three-week period, July lUth - August 2d. Through the active coopera- 
tion of Ihe Office of the Secretary of Defense and the Hxa^, Havy and 
Air Force, the group heard outstanding presentations by responsible 
men on defense problems selected for their urgency. As a result of 
these presentations and their own discussions and calculations, the 
neabers of Project 137 nake the following recommendations: (U) 

A. AREAS ONLY SLIGHTLY DEVELOPED IH COMPARISON TO 
THEIR CONCEIVABLE APPLICATIONS TO DEFENSE 

A-1. Chemical Sensing 

Teehni^es exist to detect and identify specific substances at a 
distance wlr^h fantastic sensitivity. These techniques can be greatly 
iaiproved. Important military applications can be visualized. 
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•uch u determining types and numbers of machines in the rieihityi nev 
types of fuels in use, human concentrations, and getting advanc* van* 
ing of CU and BU attack. An intensive survey of the field should h« 
made. Assuming that it eonfims the promise as nov seen, reecuBDenda- 
tions should he made for research vithin existing govenaent labora- 
tories and for contracts to universities and research foundations* As 
profldsing leads develop, a more concerted effort .should be made to 
bring them into practical application by agencies yet to be defined. (S) 

A-2. Information Transmission by Chemical Sensing 

Coded puffs of radioactivity or chemicals emitted into the atmos- 
phere by a "transmitter" and detected by a "r^^cciver" offer means (l) 
to transmit coaed messages that are obliterated beyond specified dis- 
tances and (2) to gain nev information sibout micrometcorology. Both 
applications should be given attention by the person or agency that 
Intensively surveys the vhole field of chemical sensing. (S) 

A-3. ruel 

Fuel and the fuel supply line interpose massive obstacles against 
the high nobility demanded by nuclear varfare, and give powerful moti- 
vation to produce fuel on the spot. The ultimate system — not feasible 
today would use small aic-bile nuclear reactors to generate fuel from 
air or water, or regenerate a deactivated fuel, for driving the rehieles 
in the vicinity. Such a system might cut dovn the fuel supply problem 
by an order of magnitude. With this aim in view, an appropriate agency 

should (1) seek out the most advanced thinking at AEC Isiboratories and 
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el8«vhere on small mobile nuclear reactors suitable to generate hydro- 
gen from %rater or regenerate deactivated electrochemical fuelSi (2) 
take a nev look at ll^ild hydrogen as a fuel for existing engines , 
(3) vork towards conceptual design and evaluation of a regenerative 
eleetroehemleal 2\iei or other advanced fuel system by stimulating 
relevant advanced thinking and vork on (a) reactor technology^ (b) 
energy storage, (e) electrolytic cells, (d) eleetroehemieal fiiel genera- 
tion, and (e) fuel utilization. This should be aeeoqplished through 
vhatover steps are needed In the vay of conferences, vork-study groups, 
arrangements vlth government laboratories and outside contracts. (S) 

Transmission of Energy through Space 

Some encouraging work has been done on ileetromagnetle and other 
methods of transmission of energy through space, and ideas are Ia cir* 
culation for sore basic approaches to this problem. It is perfectly 
eoncelvsble that one or another of these approaches viU have a vital 
application such as: supply of power to forward combat locations; 
operation of drones for reconnaissance or for brute blocking of balllstie 
missiles; or destruction of targets on the ground or in the air. (S) 

In view of the fundamental Isiportance of a workable system of 
energy transmission, the present status of this field of work should 
be thoroughly reviewed, a vork-study conference should be called to 
generate new ideas and to arrive at a first assessment of the areas 
most promising for future work particularly work of a truly 
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ploaeerlng character — and eteps should be taken to support ouch vork 
and capitalise on it. 

A-J. Atonic Colliaion Croee Sections , 

Intensire AEC support of nuclear eross-seetion measurements has 
given for atomic nuclei a vealth of data essential for design of nuclear 
devices. Vo similar vealth of reaction cross-section data is availshle 
for the much older field of atomic and nuclear physics despite its meh 
vider field of application: to conssunlcatlons systems; to missile nose 
cone physics; to plasma engineering; to controlled theraonuelear re- 
actions; and to eheoical reactions in gases. It is reeoBsnended that an 
appropriate agency sponsor a program for the stttdy of atonic collision 
cross sections. (U) 

A-6. Hatter imder Exceedingly High Pressxire 

Recent vork discloses that some non-metals take on metallic char- 
acteristics at ultra high pressures. Further forward-looking voik in 
this field may open a vhole new realm of solid state physics and pbysical 
chemistry, vlth eoncelvshle applications to nev types of high energy 
fuel confounds , and is therefore worthy of support hy an qproprlate 
agency. (U) 

A-7» Intense Magnetic Fields 

There Is evidence of substantial Russian activity in the area of 
intense magnetic fields. If strong fields 10^ gauss can be achieved 
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this will have loportant Bcientlfie and techaologieol coDBe^ieneea. 
A syi^alum on thia topic should be arrasged soon In order to enlarge 
the very saall nuaiber of scientists In the Western vorld active in 
this area. (S) 

A-8. Fonaation of Concepts out of Data, and Systems Reliability 

A military action is under way. Infomation comes in of Buuiy 
kinds and of qpiite variable reliability. Neither in this Instance 
nor In general does any electronic eoniputer, present or planned, know 
bsv "Intelligently" to foxrailate significant concepts and conclusions 
out of a massive volume of Infoniation, most of it Irrelevant and 
part of It erroneous. It Is a matter of great Is^rtance to many 
aspects of national defense to develop a theory for the fozmatlon of 
concepts under such circumstances^ and for the construction of a 
reliable system out of unreliable eos^onents. An ap prop^ "♦e agency 
should sponsor advanced vork in this field by one or more conferences, 
by contracts, and by such nev coinputatlon laboratory facility as seems 
flEppropriate; and should systematically survey the field for tizgently 
important defense applications. (S) 

A-9. ARPA and the Social Sciences 

The development of more and more weapons systems does not con- 
tribute towards the solution of basic social and policy problems; 
rather these developments create nev problems. The pay*off from con- 
tributions that can be made by social science may be greatly in ex- 
cess of that derived from more hardware development. Renee social 
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selentistfl sl^uld be brought Into defenae problems much nore than if 
Bov the e&ee. Progress could be nade in this direction by selecting 
tOT ARPA support eertala fields already recotnnended as highly is^rtant 
by the Subeamittee on Social Sciences and by the Ad Eoc Advisory 
Group on Psychology and Social Sciences of the Office of the Assistant 
Secretary of Defense for Research and Engineering, (u) 

A-10. Military Ibcploltatlon of Basic U.S, and USSR Differences 

Differences not only in political ideology but also in the 
physical, eeonooie and social setup distinguish the U.S. from the 
SoTiet Union. It shoxild be investigated vhieh of these differences 
can be exploited to our advantage, for exaaple by the design of 
weapons systeas vhich are oost disadvantageous for the Russians to 
counteract; for exaxsple^ by la^osing a heavy economic strain in par- 
ticularly vulneraible areas or exploiting the long winters in Russia. 
There is strong reason to believe that a systematic exploration of 
this area could yield suzprlslng new ideas. It is reconsnended that 
an appropriate agency sponsor a vork*study group in this field. (S) 

B. ENVIROHMEHT ARALf SIS 

B-1. The Physical Bnvlroiaaefit of. Military Operations 

All vespons systems depend on the physical environment in vhich 

they are to be used. It Is not sxtffieient to knov the veapon alone, 

it is necessary to broaden and deepen our kaovledge of the respective 

esvironment. This is particularly true regarding space, the oeeana, 
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and radiological fallout. We Jmow too little about the uPPer ataesphere 
and about ppppagation of electrooagaKtic ladiatlon in spaee. Kao/ 
weapons systems under discussion now depend vitally on an increase of 
our knowledge of these natters. Similar observations apply to the 
oceans, the ocean flocrs, and meteorology Internal to the ocean. The 
instrumentation for fallout in the hands of the Amy and Civil Defense 
is inadequate and so is the knowledge of the eooBaon nan about bow to 
use it, ARPA is urged to pay great attention to this whole complex 
of questions. For this purpos- ARPA might veil consider sponsoring 
many of the functions of the IGY. (S) 

B-2. Radiological Mapping and Conbat ourviillance 

In futurtf conflicts battlefields viii have to be surveyed not 
only optically, bui xadiologically. While systtas are proposed for 
this purpose, they are toe complicated and do not give tnfonoatlon to 
the local coannander of small units. Ic la possible to latrcduce fairly 
crude, but cheap and simple Instnimtnts with wtlch even platoon op 
company comaanders can determine raaiatloa levels find thereby guide 
their men safely. Strong eapnasis should t* given in" current planning 
to radiological mappitg and combat S'Jiveillanct. (S) 

^'3' statistical Data to P lan Fallout Aasoiiat'd vith Use o f Atomic 
Weapons by Artry Ground Forces ^ — 

How to lay down tomorrow a desired pattern of fallout is la- 
portant for aa az«a coDn!iacd*r Jujt as it is important for local com- 
manders to know how to lead their troops safoly through today's 
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battlefield radio act Inty. An appropriate agency should iponeor reieareh 

on: 

a. The atatlstleal variations of vlads — In time, distance, 
and altitude — about the values Indicated on the kind of measuring 
equljsnent that viu be used In the field; and on the correlations aaong 
such variations; 

b* The planning of aeasuresents for this purpose; and 
£. Bov to use the results to tell vbat the allltary eosnnander 
can do reliably about securing a desired fallout patten, (s) 

B-U. A Radiation Detector for Field T?se 

A Slavic aethod Is recoanended for quick conversion of field radios 
to superimpose occasional Geiger counter clicks on the nonnal receiver 
signal 80 that cosipacy coisaanders and possibly platoon commanders vlll 

Ismedlately and automatically vamed of a dangerous Increase In 
radiation level. (C) 

B-$. Military Geophysics 

The Department of Defense has a vital stake la meteorology and 
other fields of military geophysics. Teehnl^aes to predict In eonibat 
2onas like Korea vhether the second valley ov«r Is fogbound or vUl 
be fogbound In four hours would change the outcMie of engsgeaents. 
The present unsatisfactory state of military meteorology is a reflec- 
tion of the retarded and narrpv scope of unclasslfleld meteorological 
research. An appropriate existing agency should consult with Lloyd 

Berkner, and others closely associated vith advanced thinking In this 
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field, to d«t«xBliia vbAt should be done to produce an order of magnitude 
linproTeaaat In the present lerel of forward-looking research In this 
field and In the aoiount of young talent attracted to It. (c) 

B-6. Detection of Submarines tbxough Surface Effects 

Besides the efforts to detect ships and submarines acoustically, 
electromngnetleally, and chemically, more attention should be glren 
to the mechanical disturbance of the water by the propeller action. 
These dlstuz^aaces persist for a long time and It should be possible 
to measure then by suitable Instrument e* Even deeply- submerged sub* 
marines may produce me&siirahX* diffusion of "vhorls" to the vater 
surface. Studies of the mechanical properties of the sea now In progress 
should be closely vatched and ARPA should be prepared to lend further 
support. (S) 

C. PROJECTS fJXD APPLZCmoWS 

C-1. Balloon Attacks and Other ffoa-esaventlonal Weapons 

Very high-flying balloons, carrylcg megaton weapons, could be 
used by Bussla against this country. They could be released In 
Siberia or by submarines cc the Pacific, their boaihe fuzed vlth 
Infrared to go off orer our cities. Even when shot dovn (difficult 
and expensive), the wec^n can be set to go off at any chosen alti- 
tude. This Is the Japanese balloon scheme of World War ZI with a 
rengeanee. It Is easier for Pussia to use It against us than vice versa. 
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It la an lUuatration for the posaitllXty of noa-conventlonal uaes of 
«xlstlng veapona, a nueh neglected field. Sabotage, clandestine opera- 
tions against SAC, and other pcBSibUities belo^ in this area vhich 
ahuuld be quieiay and aost thoroughly explored with all the aid science 
can offer, through vork-stiidy groups and other effective means. (S) 

C-2. Development of Breeder Reactors 

The tremendous demands for nuclear power make it aeeessazy fbr us 
to leaxn hov to hum all rav materials: not only hut also U-238 

and Th-232. The development of breeder reactors, especially for manu- 
facture in large numbers, is exceedingly difficult* Rot enough energy 
is being devoted to this problem* The iJDi^rtance of nuclear reactors 
for the long term future of the fuel logistics problem (a-3) requires 
that a much greater effort be made to develop breeders based on both 
uranium and thorium, (S) 

C-3- Undersea Beacons 

The great need for communication from deep-lying POLARIS siibmarlnes 
to the continental U.S. can possibly be filled by undersea high-pover, 
unattended acoustic beacons* The submarine vould eooDuaieate to the 
beacon at lov intensity, thfr^.by prcgrsssning and triggering a hl^- 
intenslty output from the beacon > Uxxdersea beacons could also be used 
for navigational purposes, by sxiLoarlAes or surface vessels. The 
beacons can be poversd by thsimal energy derived from fission products 
such as Ce-M aov available In sufficient quantities la the Eanford 
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and Savaanab River plant vaatea. A conceptual analyalB of sucb beacon 
■jatems aho\U.d be Bade by an appropriate agency vitb a rlev to trial 
use. (C) 

C-h, HAUCRATES DUCTOR, Very High-Speed Hydro Jet Torpedo 

A high probability to kill eneoy submarlnea vould be prorlded by 
a nunber of nuclear-povered torpedoes covering selected sveep paths at 
high speeds, equipped vitb sonar search, bomlng, and other devices. 
For this reason, it Is reconnMnded that an appropriate agency seek out 
the Bost advanced thinking at A£C national laboratories and elsevhere 
on ultracon^act reactors and make preliminary conceptual design studies 
of a 100 -knot to 250-knot hydrojet tozpedo vith a vlev to early initiation 
of further supporting investigations and evaluation of a veapons system 
built on such torpedoes, for an antisubmarine shield cibout the U.S. and 
for other military piirposes. (S) 
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D. ContlimlBg Idcntlfieatlon qf Inportant Nev Pro^emi 

3b« mpldit/ of seleatlfle advance and th« daogen of tba praaant 
Intenatloaal altuatlon denaad a deeislTel/ aev Baeba&ln to prooote 
contact between the Depertment zf Defeaae and the acleatlfie coBBianity, 
A aiaisum responae to thla need la a prograffi of vork-atudy g'oupa 
like Project 137 at regular Intervals, to identify unappreciated and 
Isportant applleatlona of aclenee; and other aore apeelalised abort- 
ten groups to exploit the pesalhllltlea of apeelfled areaa of aclenee. 
For thla pozpoee it la reco!a:ended that ARPA aet ^p a Center for 
Defense Research Vork-Study Groupa . It is also suggested that AEPA 
consider hov far it sight be reasonable to encourage such a Center 
to evolve tovarda an Advanced Security Research Institute, vhere 
scientists might go on leave of absence fron universities. Industry 
and the SOD laboratories together vith operational allltary peraonnel 
froa the DOD la an ataosphere of atudy to contribute laaginatlvely 
to national strength In a free ranging aasner vlthout ecBBlttlng 
themselves in advance to any specific kind of project, after the 
pattern of the Institute for Advance! Study located at Princeton, Hev 
Jersey. (U) 
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Called la to look for Irportast u£apprfclat«d ways to brla^ aelenca 
to bear upon derenae^ tho meaoVera of Project 137 received from the 
Department of Defenae a veiccme ai.d cccperation for vMch they are 
deeply grateful. The Roaorable Nell Mc£lroy, Secretary of Defesaei and 
Mr. Roy Johnaon, Director of ARPA, Impreasively stated tlie urgency of 
the zal salon. The program comnlttee and the entire vork- study group had 
the full and active collatoratloa of the Office of the Secretary of 
Defenee and tb3 Anof, Kavy and Air Force through the interest of Lt. 
Generrd Arthur Q. Trudeau^ Chief of He&ear.^ta and Development^ U.S. Amy; 
Dr. Vn. H. Martin, Director of Amiy Be search and Development; Honorable 
Garrifton ITortoii, Assistant Secretary of Kavy (Air) and his Special 
Assistant ^ Jaaea £. Cro94; Honorable Richard Horner^ Asaistaat Secretary 
of the Air Force for Research and D^v^lopicent; Honorable Paul Foote^ 
Assistant Secretary of Defense for Research a.id Engineering; Vice 
Admiral John H. Sides, Director, and Dr. Alt ?rt 0. Hill, Director of 
Research, Weapons Systems Evaluation Group; Major General Jasea 
McCormack, President of IDAi and Dr. Herbert York» Director of the IDA 
Advanced Research Projects Division. The practical arrangements for 
briefings and for special lor.tacta vlth service laboratories as occasion 
arose vere handlea efficiently and laoat helpfully by Lt. Col. Jaaea A. 
Hebbeler and Captain Richard Bclden, USN» as veil aa by the meahers of 
the vork -study group from the Department of Defease, Dr. Richard Weiss, 
Dr. Joachim Weyl, Col. Taylor Drysdal* and Dr. Orr Rtytolds. The 
members of Project 13? v^re nost lapressed vitn the high ability and 
sense of dedication of t.-.« mtn fron vbca tt-sy hear*!, and vare nost 
conscious of their vital contribution to the work of the group. To all 
vho helped — officials of tfc* D*partafat cf Defense, officers of the 
armed forces, represontitlv^j of service laboratories, contributors 
from the National Aca^iciLy cf Scitnc&s and from otb^r non-DOD organiza- 
tions, IDA officers and Dr. James R> Kllllaa — tie group expreases its 
deep appreciation. It Is also grateful to Col. John W. Keating, 
Ebcecutlve Officer cf the ^atlcnal War Colljg- and Major Paul A. Baltes 
for facliltles and aaslstanc- at ?02t Kcl^air and to th^ IDA librarian, 
F. Koether, who vitt. the -ccp-raticn cf many agencies gathered together 
there a valuable wcrxing l-.bT&ry of classified and raislajJifled reference 
materials. Admlnistraticr ;.f tr,* voii:. study gicop was in charge of Mr. 
Frank Reynolds, Assistant Ala^ini-Jtrativ- C;fl:er of IDA/aRFA. Special 
thanks are expressed to ttrc ar.-l to the me^ieri. of his staff who worked 
nights, Saturdays and Suniays to help tLc tiroui-. Tfo member of Project 137 
can forget the spirit of dedicatlcn --bijh a.'.iaated hia colleagues In the 
group. Almost all had r^wrarges plan? at 5hc:t rxtlc.* to take part, 
in some cases drastically curt all lr.g pl&nn-i travels cr research and 
teaching aehedulea. A nunr-r of &:lf.r.tlota ccul? not take part at such 
short notice because of prAvicuj fcirdisg cocssitnsnta for the period of 
the study, but expreasfd their feellr^ of the lapcrtaace of the work and 
asked if they could c^ntrifcute tit soat ctter tine cr In some other 
connection. 
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CREATIOn OF PROJICT 137 

The Advanced Research Projects Agency came Into existence by 
Directive 5105.15 of the Depart'n«»nt of Defease, issued in accordance 
with Px'blic Law 35 -325 (-7) of 12 Febniary 1953, with two mlBsions: 
(l) to carry out research and development work on such projects as are 
assigned to ARPA by the Secretary of Defense, and (2) to reeoomend to 
the Secretary of Defense such additional projects as are Judged 
advisable. 

1 '. — - 

In accorijiance irith the first laission, AKPA was assigned in the 
spring of i;'53 responsibility for space technolosy, advanced missile 
defence systems and chesiistry of propellants. 

In accordrjice with the cecsnti ai^sion and with the ^proval of 
the Secretary cf Defense, AR?A on S July 1^58 asked the Institute of 
Dclense -Analyaes to set up a *.?or::-C' uiy 3roup, Project 137, "to identify 
probl22s not no*.' receiving adequate :cntloa where science can contri- 
bute vi-ally to na-tienal security and to reccz.'aend appropriate technical, 
and perhaps organizational, r.ea2:c for the solution of these problems 
and for the ccntinuin.^ identification of iraportant new problems." 

In anticipati'>n of this fr^riial -directive IDA had appointed a pro- 
sr-in comittee a few i/eeks earlier. Dc^^XiiiiiriS on U Juae this eomittce 

rjr.C Dr. irirtc-i-t Ycx'/., Z-Lrector of -n-: lt\ -.cvcnc.-.-d Research Projects 
Divi::ion, c::*.c-n,?2J ir.vi^.aticr.j *,3 scLLicr.r.-; iout of widely Isnown 
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BdentlstB to participate in this vork for the three-week period 
Ik July - 2 August 1953. 

The final group (Appendix D ; Included the leader of the group 
that detected the neutrino; associate directors of research of two 
large corporations and of one major AEC national laboratory; an 
expert in differential equations; an aerodynamicist; the economist 
whose writings revolutionized the concept of optimal strategy; leaders 
in the chemical separation of plutonium, in physical chemistry, and 
in the developnen*- of antimalarial drugs; wcrlters in advanced areas 
of theoretical physics and elementary particle physics; the statistician 
who Initiated the ultra lightweight DA'/Y CROCmT atomic weapon; and 
the leading expert on nuclear reactors, recently president of the 
Azieric2n Physical Society. /0.1 had previously had contact with phases 
of national defense. In addition to these 22 members from outside 
Vashin^ton the group included four experienced cecbers from the centers 
of science-defense plannlfig of the three armed services or^ from the 
Office of the Assistant Secretary for Research and Engineering. The 
majority of the 26 participated for the full 3-ve-k period. All 
members were cleared for access to Top Secret material. 

The natloasl V/ar College, Fort Mcllair, Washlr.gton, D. C, housed 
the work of Project 137: brief inrss in the aorcings; discussions, study 
of reports, calculations and writing in the afternoons. 
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THE DPjmngs 

Ifore inportunt to the work of the group thnn any other clnale factor 
vere the outstandlns presentations of uzigent issues made to it by serious 
and responsible men. It cannot be stressed too aiich what a powerful 
inpetus it gave to Project 137 scientists to herir frorj r.cn who know and 
care deeply about defense problesis. \ 

To assist the procran comittee in focusing the efforts of the 
group, the services made a first selection of issues, coming to a total 
of 56. From these the progrsn cocciittee made a second ouch namwer 
selection for the final briefing prograa (Appendix D). The total nuaiber 
of problems of deep concern to the ser/ices is obviously auch nore then 
a single work-study group can review for unippreciated n.pplications of 
sciences in a single three-wek period. Project 137 can, therefore, be 
regarded as a single sasple well drilled into an enorr-ous and ever-groving 
oil field. The output gives an accidfcntal and rather hit-or-niss 
measure of. the much aore still underground. Great areas went imcxaained** 
?he group '.:as regretful about the many cutstandltg presentations elreaJ:* 
worked up for Project 137 for which it was Icpccsibie to make tiM in a f 
pro^ris properly proportioned between heariri,s iid ^/Dri:inG. ^ 

I 

Speokers with tany other heavy burdens accepted vith good will the ^ 
cryptic advance advice, "Stimulate group to invent ideas and identify 
issues i-3portant and challenging enough to serve as nuclei about which 
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subrsequent scientific vork can concentv-rte. Ccn-.ror.lcate Intense laotlva- 
tlon about lizportant proble-.r.u. Purpoce not to hscr all problems under 
control, vill be solved la short tlxe, only neert nore njoney. Tell vhat 
causes responsible people sleepless nlshts... (Seek) not ICfft Improvements 
on existing Ideas but entirely nev developments. Informal — nuch oppor- 
tunity for interruption and discussion. ...A briefing is a success if 
the problem it posed is thereafter ever/ afternoon the center of intense 
analysis by a knot of participants/' 

Some presenxations, at the requect of the prosraa coonittee, con- 
centrated on military problems to which tcchTilcal solutions are desired 
and others concentrated on technical vork in progress or techaical prob- 
lems. The group was ispressed vith the ^reat e.'30-\nt of hish-crjality vork 
presently (^oinz on at uany servi .e labor2t3ri*-s isA a^isociated agencies. 
The iapression could not be escaped that -h.e^ iJciar.tific coccranity repre- 
sented by the Departsent of Defense ha; s*^at ability and a scope that 
far transcends the subject satter coverv? oC any university or any 
industrial laboratory*. 

Many members of Project IjT '''ere dceV." iisturbci and others even 
shocked by the gravity of the proble.is vlth ••■hlch rM^y found themselves 
confronted. These oca in nuijfcer cons tl tut Ir.-; i-iss than 1/';0C0 of 
.Vierica*b scientific eorcaunity hr.ve te'»n stlsr-L.^.xeS to intense activity 
by vhat they heard. The opinion is unanlnous thit trieflng- of this hiafc 
caliber — plus bacU-and -forth discussion recor^ici on film and sound 
track and repleiyed to carefully selected, r^roupa fro:.: 'inlver-lties, Induat 
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and 3'; f rxO nr.tiorsa laboratories vould do nruch to direct atten- 

tion ciiA productiv*" output frca Itss urgent Issu&a to problens oor* Im- 
portant for the national security. 

Under the ts^r^-jstoT* of the problcsj preaented, aud from a study of 
many of the documents made availctle in t!ie lit .-ary, the group has 
developed & strong feeling for ani deep appreciation of, the great crisis 
vlth vhich the nation Is faced. The group senses the raj Idly increasing 
danger into vhleh we are Inexorably heading. In our viev the crisis shovs 
up in all fields: ailitary, scientific, economic, and social. 

Aaong issues In the defense picture, the briefings pointed up the 
follo'-rtng as belns particularly iD^ortsnt: 

a. The extrQordir.ary technical difficulties of detecting, 
identifying and destroying enecy subrstrines. This gives added signifi- 
cance to our own POLAHIS systes whj.ch, however, to the group's concern, 
is still beset with nany probleas of its o%t. and is Judg-d by many with 
when the group talked to be planned on too sz^ll a scale. 

b. The need for a jan-proof world-vide cllltaiy ccrsunlcations 
systes, capsble of issuing coaipletely reliable orders, perticulerly for 
two -way underwater cossuni cation. 

c. The high degree of developnent in Pusslan radar equlpueat, 
exceeding ours in several Instances, as disclosed by thft observations 
of the Navy's "big dish" radio telescope (one of the moat pronlalng 
Anericen detection devices). 
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±. "V-v '.t it:- a d-usl c^p^ti.llit.y of the Army for nuclear 
Qiic' c.-.vc-M:;-:.l >-iv. The tac':ical ini i^.rite^lc probleaa of thla tvo- 
foXd capr.Tjilliiy ?jre c/.sarly v-13q1v*c:. The logistic dirflcultles are also 
not overcome. Those generatefi by the enorcous fuel deiumda and very 
loa« pipelines ?jr< the :w5t out^tai-Jlr^. The mobility ot the Amy Is too 
lov for the type of dispersed e-igacenenta that have to be ejcpected, de- 
spite all the efforts made to iqpiovc It. 

e. The need for realistic reappraisal of policies, including 
public inforaatlon, on chealcol az;d biological warfare presently a 
seeainely forbidden topic. 

f . Local air defense of aUltary tarsets is cot being exploited 
as fast as appears possible even -/Ith present buigetar/ iiT.itatlona. 
Local defense of clvUlca targets is bsiaa puchei Nit m vlev of the fall- 
out probiea will be of little value. The fosslblc Interference tetveer. ■ 
the present HIKS batteries and offensive SAT operations duriag an attack 
on this country has not been solved. 

£. ?he high degree of -ralrerrtility of SAC In spite cf efforts 
nade to decrease it. 

h. 'The rising pcu-cr of Sussla la scientific, technological snd 
aiilitary affairs. Hot or^y did the group Ic-tra about an already existing 
superiority in aany areas of individual veapons, e.g., tanks, missiles, 
and electronic equipaent, but in other ireas it vaa'.-jund that our pre«nt 
advantage vac rapidly being overcome. The group r-ras also dlcturbed by 
the approximately t-.-o-to-one advantage of IJuscltr. research, development 
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rji'i pr;5?.v.c+.".o'i Its a." ■ .\r:.zr., 

i* The cTn^ro.lete absence of my passlva protection of tbs 
c:lviiirr. population. 
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BPIARKS ON RECCWOTD/inonS 



Confronted by problems of such ecope wd e very United time, 
the group eooeentrated on vaye acieoce een help, pushing aside all 
questions of strategic and aanagement and financial analysis as 
lying outside their directive and outside their vorklng interests. 
Ibe final subject -natter recoBSDendatlons fall into three groups in 
the Sunnaary and Appendices: 

A. Areas of advajced research (A-1 to A-IO)^ such as 
chemical sensing and radically nev types of elect rochenical cells^ 
vhlch at present are only slightly developed in comparison to their 
conceivable applications to defense. 

B. Envlronnental analyses (B-1 to B-6): broad and already 
familiar fields of research^ such as meteorology, valch ispinge 
vitally on military actions in iinportant vays and ehoxild therefore 
be vigorously supported and imaginatively ^nitored for potential 
military applications. In the sane class belong oceanography^ geo- 
physics and materials analysis, the group felt, but Project 137 
made no formal recoc3cendaticD to this effect because of insufficient 
time to consider these questions in any derail. 

C. Projects and applications (C-1 to C»3)f such as BASSOON 
and nAUCRAlZS tUCTOR, vhicb already suggest fairly specif! 3 military 
systems and which for the most part can probably be best handled 
through existing defense agencies by a project type of organization. 
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It B»y v«ll be that • fev of the lecon&endAtloae made by Project 
137 not nw, despite effort* nede to check oo vork currently in 
progreifl* It nay even turn out that one or tvo of the ideas are 
already being pursut..^ energetically and isaginatively in projects 
of vMeh the group is not avare. Ibe history of seience is veil 
known to demonstrate that prectlc&Ily no idea is ever cozcpletely 
new. Bovever^ it also shows, as for example in Hendel^s discovery 
of the lavs of inheritance, that several decades siay sometiaes 
elapse betveea the moment vhen a nev idea is conceived and the time 
it is put to use. Ihe group conceived its function vas, not to 
make more discoveries, but, to help shorten the interval between 
discoveries on hand and their application. 

To bring about the recosmended nev dc/eloi&ents In many cases 
the gTWp has suggested specialized vcrk-study groups of limited 
size and of duration ranging from a veek to several months^ as 
appropriate. No procedure is knovn vhich can secure in peacetime 
the ssme combination of specialized knevledg«, outstanding ability, 
active Imagination, Judgnent, and intense motivation. The pre- 
sxsaptive sponsor in many cases vould be ASFA, in other cases other 
appropriate agencies of the rOD. The foUov-up (vork in defense 
laboratories, outside contracts, steering com&ittee, reviev of 
results for Imediately important applications, project organization) 
vould be expected to be the responsibility of the sponsoring agency. 
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CONTEJTJIIIG IDJ^TTFJCATlOr, OF IMT*:'KTa.NT ^CW F?0BIiM3 



The group vfts asked to reconnend aeax«» for tbe contiDulJ:^ 
Ide&tlfleatloa of Intportact new problems - areas where science 
eaa be used In unappreciated and vital vaya to strengthen the 
country. 

Th9 tremendous technological c'nanges «lieaay made as veil as 
those cooing fast up over the horisoc make It diffictilt for the 
services to adapt themselves to these developments. In their 
efforts constantly nev^ unexpected scientific proVlems are en- 
countered j ranging over all zht scieiices* 

Many of these touch en sue'n ftirrtmreacal issues that xhe con- 
tinuing assistance of scientists fully faailiar vitb xte very 
latest progress of toeir disciplines is ie;jaired. 

Methods must be four^d that gc veil teycnd tbe exlsrlig types 
of contact and interaction between the SC'D and the scientific 
eommmlty. Tte group has considered pesaitle vays to provide a 
mechanism. Its principal aim wc^d c*: the d=.e ^Mod, to 
introduce scientists not nov voriciog oi. dex'eu&e problems into these 
areas and on the other to gi*/e scie:;tifirally treiz:ed military 
officers of the three services and scientists working in defense 
laboratories an opportunity to bring their vast e^rlenee to 
bear on the selection and study of the probless to be ansvered. 
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Two owtafiism* received «jc1j attenMiu frsm the gi^up. On«, 
« Center for Defense Feeearyn Vcrk*Stud/ Groups, would pr&vlde: 

a. A very sBall ibut ttlgMy ?cop#teat staff to take 
the najor burden of handling claaslfied scientific vork-study 
conferences for APFA and ether defense sg^ocies. 

'b. Secure neetlcg xooas for evei^^hsngi&g groups of 
United size, nearby work rcoms, ssd places to eai, walk and sleep 
without going outside tbe guarded ereai a£d s'^rrouadlngs under 
whose influence It is a pleasure to work. Such place does not 
now exist in the Washington area. To pr&*/^«le «u«/a a plate would 
nake it possible for a group to do suhs-:a::.ilally aore is a lii&lted 
tia.9, aa witness the outstandir.g Sordsn Researco ^ocference* 

£. A' good oaall vor&ing library of classified and 
unclassified reference saitrials. 

d. Sisple coLputacioi: facilities. 

e. Froxiaity au <xceUeat library and t': a uclveraity 
with excellent departnenta of 5cien:e- 

f. Facilities for reprcducin^ ui^tilassifle^ ar.ci classified 

materials. 

Contact sffiif in A*\?A tc deal vitri flc^v ci in- 
formation and reports. Lit *ra;iC« for visits, «ni siteoollfig of 
visits. 

h. Proxittl*.y to Washington so lespor^slble Washington 
people can contribute viih t^it same effe':tlveness from which Froject 
137 benefitted. 
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1. Opamion %y such an Agency at a aon-proflt defense 
reeearch organization of high standing or thi national Acadeoy of 
Sciences to guarantee to the Center a coxTtinulng prestige ainong 
scientists, among the services, and service laboratories, so that 
anyone invited to take part in the work of the group can consider 
it an honor to he ahle to eetie. 

An ever-changing program of ip*ciallz*d voric-study 
groups in response to identified needs* 

k. A regularly programed repetition every six months 
of something vlth the scope and prohlcn identiflGation responslhility 
of Project 137 as a TnlniFAl responae to a preaaing need . 

Tht other mechanism, an Advanced Security Besearch Institute, vould 

a. Include the Center for Defense Kesearch Work-Study 
Groups and perhaps evolve out of that Center. 

h. Provide a place vhere scientists can go on leave of 
ahsenee from universities, industry and the SOS lahozutorles to- 
gether vlth operational military personnel from the SOS in an 
atmosphere of study to contribute ii&aglnatively to national strength 
in a free -ranging manner without coimitting themselves in advance 
^o any specific kind of project. Ihe Princeton Institute for 
Advanced Stu'jy vould serve as a model. 

£ . Consist of mesfbers and visitors. Both groups vould 
he cle&red and oi\ch of the vork vould he classified, ^e nine or 
more members vciUd have teims from perhaps 1 to 5 years, vould 
he selected from a variety of fields, and vould assist in planning 
problem Identification meetings like Project 137 ^ otherwise 
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•earch for new applic&tiono of sclenct and solutiona to xirgent 
problems of defense. 

d. Provide a center for visitors coming for periods 
from a. aontlx to a year either sent by defense laboratories and 
ether institutions under arrangements mutually agreeable to all 
three parties or othervise invited to participate. 

e. Have for foundation of its vork ready access to 
infonnation and briefings by the 2)00 and the scientific ccomnmlty. 

f . Conduct such seminars as seem appropriate; serve as 
a free market place of ideas vlth much of the student teacher 
relationship; possibly promote and edit a classified journal 
cosBoa ro the area of science aud defense. 

Eave appropriate cooiputers but minimal laboratory 

facilities. 

h. Eave CO contract avard functions^ have no supervisory 
function, nave r.o assigned casks, have no responsibility vlth 
reapect to national 'sclerice policy, be no place of reference 
for orgaaizatlonsl questions* Its dally grist vould be the 
technical problems of science and defense; It '•'ould Ve a full- 
time activity. 

1^. Provide a means to expose high scientific talent, sot 
nov occupied vlth defense activities, to defense problems, vithout 
diverting talent peioanently from the pressing basic research needs 

of the USA. 
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As V«'cveca the Center and the Institute opinions in the group 
vere divided. Bovever. no question existed that a decisively nw 
nechanism muat be found to promote closer contact between the HOD 
and the scientific Conrunlty. It la the feeling of the group that 
a Center for Defense fiesearch Work-Study Groups, or something 
like it I is a ninioum response^ and that efforts should he made 
to move as far heyond It in the direction of an Institute aa those 
Bore fsffliliar vith national science policy deem vise. ABPA haa 
the power to bring the such-needed new activity into operation, 
and ought to move promptly to do so. 
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Appendix "A" - Argas of Promlge 

Appendix "B'" - Envl regimental Analyses 

AppeDdix "C*' • Projects acd Applleatlots 

Appendix "D" - M^^erfrPlp of Project 137 and 
hTcgrtoa of Briefings 
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A«l. CHEMICAL SEMSTJG 

Introduction 

The ability to Identify alrboree or vaterbome eheiDleal species In 
extremely low cone eat rations would be a powerful asset for both military 
and civil goals It la difficult tc visualize any natural or man-made 
process which dees not put soae kind of "signal" Into the air In the form 
of a few (or many) molecules or atoms which may be characteristic of that 
particular process. Hence the possibility exists for diagnosing actlvi^ 
ties of various kinds at a distance. This proposal is simply to 
stimulate basic research la selected areas yet to be determined with 
the aim of pressing existing analytical tools tc th<»ir ultimate sensi- 
tivity and, if possible., tc devise Lew specific methcds. There is no 
single system for chemical analysis, sc it is unlikely that any single 
technique will be applicable t? problems of a wide variety. However, 
a few suggestions will be given merely as lllust rati see. It. will be 
seen tha*, none of tnese approaches is new but nevertheless with adequate 
Incentives for und-rstacling tnere Is r^assn to believe that new and 
important results can be obtained. 

Illustrstivg Sxaaples 

Ve may stait sy recaliic^ biological iy&ztms. It in rather well 
establlsned that the olfactory senfe detects and identifies specific sub- 
stances with fantastic sensitivity. The male gyp*y sfoth caa detect the 
female by olfaction over a 2.mlle range and it is estimated that only 
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1,000- 10, 000 molecules oX &oae subataaee per cubic centimeter of air is 
the sigaal. The olfactory eense of a wide variety of animals^ Including 
fish, seem to be similarly acute. Briefly stated, it would be of great 
interest to understand how they do this, and to make use of the dis- 
covered principles either by U5ltg biological systems as detectors or 
by devising artificial systems employing these principles. There has 
been rather diffuse effozt on this problem over the years but most of 
the results have singly described the phencmencn^ and only a relatively 
small amount of research hu been directed toward a fundamental 
understandiDg. 

Modem ItiTT-ui&intal v.chrii^.:*' vbicb iAt-nmi-i* charACterlstlc atomic 
and molecular dlisoclatiss. ad vibration freiufnri^s hav* revolutionized 
many areas of chemistry- %der the generic title "spectroscopy" one 
thinks of infrared, vacuum ultra'ldet.. miczovav^, and •till ether forms 
of molecular problem . whir.h have gr*at i^nsiti^l'y ty previous standards. 
*'In a molecular tiam sOik nolAr-jlT^ can i*.t-i:**i vzth a serLSitlvlty 
of one per secstl. wirn th*i rti'jdt tha*. ocseivatl?!. z! a few thousand per 
second is easy" '[Zizt^axlB? it i- higoly iik-ilY t^at several of these 
methods can "be pressti tc a tei'fitivity sum niac*r tnan presently 
acblev«;d. It mlgnt also b* mps.ti0i«:i that w* o oct knov cut that 
existing tech.iiqui«- are air* sly adequate f?r ob*.«i&li.3 ctrtain infor- 
mation of ,valu9-. For ^vaspl'*, m*. hav« l^^nrn'^i *hat the Chemical Corps 
is already eo^loYlng iafrar<;l sptctros^'opv *c oovain advance warning of 
certain "nerve gsxes". 
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It diJ not worthwhile tp ^^.« a»a^r* of Project 137 to try to 
think of other approaches theaselvee becauae In the time available it 
vas tmposilble to ccp- with th- hrtadth of tble problem. An analogue 
might be mentlor.^d ahowiag what hAi be*.n do&e In another field where 
aenaltivity and feiftctivmy m lohfrent qualities. The radiochemical 
analysis of atomic bomb debrif cirried through the air halfway around 
the world has result-jd In v»ry detailed liegnosia of w«apon type, yield, 
materials of construction, anl so forth. If one could devise chemical 
identification of nonradioactive s'Astaaces with aaywhere near this 
aensitivlty, it not harrl to visualite important applications; for 
instance: type£ and Q\iBberi of machines in the vicinity, new types of 
fuels is iue. aflvatcf vartlrg of Cv «r*i PW att<kck. h*jaan conceatratlens. 
It mighn alio fc^ m^ntior.t'J t^z^ tQfe'- 'n^ general protl^m of chemical 
sensing has air-ady been c-^rtii?ei*i tri^fly ii. th* DOO Fepcrt of the 
Ad Hoc Crsup on Atiospaenc Eiecrrlziry, K: £99/^3 (-5 Pec 1956). 

Specific P*;oag*n4arlor;i 

Some p^risi cr *get.y fh:-li :-^vty tn* pr«:«*o*. itatui of this field 
lu criet to ftirm-lat* •.»>: fcil:«ir.fi. 

a. D-.ficlticc of .viiy*r cf aigh •T'^iti'Jlty and 
specifi'.lty . 

b. Caralrgue of r^f-^src^ already il piogr^^s bearing on the 

problem. 

z. P* search wcnc*rs wno ». rul; tct-^rlt-^te t^ a future program. 
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4, Specific appUcatloa* of Interest to DepartBent of Defeaae. 

Based upon the result* of the survey, recoamendatloai should be nada 
for research wlthia existing gcvenaaeat laboratories and for contracts 
to universities and research foundational and for a conference for the 
exchange and stlaulatloL of Ideas. 

As promising leais l-v%iop.. & mor*. concertti effort ahould he aade 
to bring them Into pjactlcal application by agencies yet "io be ieflncd. 

A list Is glv-n her? of ares* of icietcc aid technology vhere one 
Bight turn f;i Icfcrasticn oz this proMea: 



Chemor^'-epticn ir ii*»cri 
and other « 



Insect rep^lls-ta ai.i 
attract ant £ 

Molecular spe-trcscjpy 
Air polutiot protl^i 



Micr:ci:exi£tr7 



V, 7.. Z rJohr>,9 Hopkins 

S. E5i3g4:n^ Columbia 
A. J. Baag^n-Smlt. Cal Tech 

Stiiley Hall^ ».'S2JA, Eeltsvllle 

Many people In mazky laboratories 

Cei.t*r of ir^ct rjndanental work 
la loi A^eles area 

?. Cxiuazsitaa,, Vaiv, of Calif • 



/ 



1 Ferla&ii 

R. M. Toyc* 

C. £. Marvel 

7. Vail 
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A-2. IHFaRMATIOg PlAir£MISSIO» By CHEMICAL SM8IWQ 



Tvo klBdj of Infonatlon eaa be •eeured eheinleal seaalng: 
(1) the eoncentratlonfi of spec if led aolecular epecies at a glvea 
iBBtant of tiae aal (2) how thla concentration varlea with tine. 
A few of the nan/ coceelvable application* of (1) have already been 
aentloned. Observations of the tioe variation (2) can also be 
vlBuallted to secure inforaation froa foe or fWead; for exanple^ 
to count the number of tr^tay vehicles passi&g a given point; or 
to receive si^ialft from one's own forces under special conditions. 

To give aa llluitrativ* ejranple^ ImagiLe a radioactive material 
vblch is ealttftd in listiete coded puff* from a "triasmitter". the 
"receiver" ij a xadlatiTn detector^ say a Oelrsr counter. This system 
of information traasmissica couli obviously be generalited by emitting 
simultaneously two or mor- typ-j cf ra-Uoactiv* «utstances, and pro- 
viding the de«ctor with energy dlicriminatlot.- 

The informaticr so trec-inltt*! h&i the unui-^al feature that it 
is washed cut by atnc4ph«i? aixitg after psfle^ge over a certain 
distance, which caa be »ljyjr*d by vtr/itg the l^c^h of the 
individual puff*. 

tte a&alysii of this loss of coherence, or iafoxoatioa content, 
is a problem interesting en two r sutts. (1) mere irfor»ation about 
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tht wiTln s proeeit would utitt la the flrtt eobctptuftl aoAlysla of 
ft Vuff-typ« IsfonDfttloa tnasaiailoa lyitn; (2} tha ituOy of tha 
dlfftulon and eoav«ctlon of Ic^dlvliuftl puff a of radloactlTe or 
cbottical traean vsull add to eur ufidanta^dis^ of alercoBateorologieal 
proeaaaaa. 

Sp»clflc RecCTnaE.datioi3 

Aa part of tha taak of tLa paraca or a««&cy that flrat survaTs 
tha fiald of chemical aesai£« aa a vfaola^ attantlon ahould %a eivmn 
to puff a of ndloaetlTity ^b«aieal■ (1) aa a way to traaaoit 
coded messt^ea ttAt ara o'tllterattd IfrfczA iytcitM dlataacea aad 
(2) aa a veans to lacrtaja uSidaraiiaU::^ af al«rcaat«orology. Fbr 
thlfl purpcit It WD^a V» ap(r;p7l«tt to fKura tia ataiataaaa of 
aa laagliatl^a ecpart veil rt:aB*^*i ty It. Barr/ Waxier, 0.3. 
Waather Bureau - It. 0«:r«9 ::tortir/. Fort Frederick, 
Marylaad, or Proft««cr i^t^ws, :;w^ta;.7 to fbrt Zietrlsk. 
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The piesentatlons we heard laid heavy etress on the buiden of 
supplying fuel to alUtAry operaticaa at advatcedl locatlona. The 
A-ieric:-: aiay aivancing across Trarjzt into Oeinany conaur^d ^,000 
gallons a day. Ic Koxsa fuel cori^tituted ever 55 ceat of the 
logistic load. The aray of the future, plsnalog on nuclear varfare^ 
Bust aad dees seek a aobiiity higher than ever before. Against 
achieviag iuch acblllty tne itaa:*ts, of f-icl »&d the fuel supply line 
interpose massive obstacles. 

No technical problfs cf zan scderi: acay has higher priority^ 
noz offers ^ greater :^&lIt.rs* *.c ^n^ire tecaLci9Av« than 
fuel supply 

No S9lviti;% of *.Le fu*l prcr^/iex n ac:?ptabl« vhlch dots not 
zecogiilz^ the osny sili'&rv r<= j^r4iL«nti 3:: the Auy kinds of vehicles 
that are i'Ar,^ r ? \ise tn-j f'.«.l It ;= *'.TM5t '.het p*^rcleujc fUels 
have Gj:ny -/Irtu-fi a: y al*.^: ca'.i iL»>t*. t» »»*. 1*3 st e-sulvaleat 
operatl:r-*12y Ir. s:!!:! ;: . ir ;ff:.st .-•-■'! ji* rre l->«i5tic 2cal If 
it is tc a-Tir r-:i.:«*r -i:: ff--j«^i** li-l-i ui*. 

fr:e tiie e"i4«5-ce ?-'4i)ici* u- m a cu.-.-*ir review it appears 

that there is ^iqjzo-^i Imi^git^briv-? :e£e%T:h it. progress on nany 

f ac e t i ' hi s p r 1 * a i v-rsr i 1 1} 1 u r M 1 - !j1 ^ o^e rt a* riv laboratories . 
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EoMtveVj ve believe that &ev ecientlflc principles must be developed 
through pioneering research before fuel logistics cfia be substantially 
sifl^Ufled. That this point is recogniiel shows in the support of 
research on such a siibject as free radicals, and work on fuel cells 
for direct ccav»rsioa of chemical energy to electrical power. Ve 
believe that the ioportancs of the fuel probleiD demacds eontlniied and 
inereaslcg «^lppor^ of xeitazch la f uch dejipiatel areas of science and 
technology. 

To be able to generate fuel locally rather tha& ship it in 
would be a 6?sat step forvarl. Wt do not see how to do this, but we 
can see direction:* inv^stlgatlcn th&t alaht ultiaately ^p«n the 
way to sxich a locftllied f-^el ^ysnm. Tl* sy«t*m would be centered 
about mobile power iupply uclt£^ 9u:c as motile nuclear reactors. 
The reactors would produce fu^l for the use of vehicles in their 
localitiss 5zom this pcint o:^ the iyiVta, would differ accordingly 
as thfe fuel H y.Mvatt ci m«rtly ligr^i*! to *iftrgy-poor foxis 
that would later rtigf-ierate'l at oie of the pcw«r sources to the 
original •■i.^igy'tict foiiL 

The ccniraitioii type systex v.- jli bt dsslgTiSd to generate 
fuel frcm locally sccfSiible ar.4 u£Llv*r&al raw materials i air or 
water. Thi£ syst^ffl would l«ad to fu/»l5 auch a6 hydrogen peroxide, 
methanol,, or hyd:c.g>c (ga& or U-^uilJ . Ve aa.2e contact with 
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proaleing secret HACA experience oa drlvlD« Jet places with Uqtulfled 
hydrogen for fuel (RME 57F 13»^ -l**.. -19a and related HACA report! ). 
Ve fou&d that the storage tank weight relative to the Aiel vei^t la 
no more for liquid hydrogen than it is for gasoline. Ve vera In- 
fomally advlied by KACA vsrketi! that the sase fuel can probably be 
used without great difficulty in existing reciprocating engines such 
as driv« ao6t ground equipwi&t*. Frsvctical ^xperiaents with aueh 
equipment Bodifiel to liquid hydrogen fuel have not cone to our 
attention and deserve conslderatiou. The tschnlt^ues for simple safe 
use of llq,uld hydrogen have &.4'le enormous strides since 1952y giving 
occasion for a fresh lock at this lUel for use with existing vehicles. 

ADong regeneiativft fuel »:»-»te5iA per naps the gr%*-est long- tern 
interest attaches to an approach that i& not feasible by today's 
tecbnolog/: electroch*r&ical gi^r.eration of fuel - preferably generation 
of a pair of liquid T'^^c«-ant$; A asl cut of a liquid cr solid 
degradate C. Vehicle* v/Ai trdif. la C v:>«ra celiig t&nliel up through 
sepazftte p-.^rts vith. A arA B. Ko '.-.b^aicjLl futli v?>iLa be brought 
into the area of ho.;tiiirles. In -^a^e of prorrart-*! rx'*'ations it 
might netessasy X'j &rir.f is t.tv fisfil4 cores for tne nuclear 
reactors jiied to at* th* chfaical tjhl* All vehicles would 

be poveted by electric mrtsri. In this eoL\?.ection^ it is interesting 
to note that soik »eier3 • • . ■ -'^i: aqalpsBint (Le Toumeau - 
VestlnghouAe) has four -v&eil electric drive. 
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There is no reason to believe that a practical electroeheaieal 
fuel systettj if it can developed, should be limited in application 
to the high priority goal cf military motility. Civilian appUcation 
might be forced by rising costs of conventional fuel for motor trans* 
port. In such an application the filling stations mi^t look 
familiar but the fuel they sold might for the most part be regenerated 
locally. The ilictric power for this puxpo&e vouli come froc 
stationary nuclear reactors suitably spaced over the country. 

Four vital facts stand out absut electrochemical energy: 

a. electric drive has untrue simplicity^ reliability and 
flexibility; 

b. mobile reactors i**. i*e»rierate electroch*mlca.l sources; 
s. pcjal for pound electKCheaHcal iour:es can >tore as 

much ftnergy a£ gas?lir*; ^d 

d tnir ficr*:! *psrgy cici V»r converted into pov«r at the 
wheels wltc «i *ffi=:ec:y cr^ch bigr.-Ji tiit Th« corzispoailng efficiency 
for gaaolic^ 

The cofral prcblra i= th* mc*z«t»amA c*ll. Despite gnat 

iapr-sv-iADti . tMi/'s T^ils; 

a. <5Lr*: tVj hfrB^, 

t. havA a r>j Inv gyri^it capacity. 
Intensive d*v*iopini.rit voT't nai gore on and coatitues to go on, but its 
goals ai* imprcveas'ita jf n f*w i,<r cettv n-st rsdlcaUy new approaches. 

Appendix "A" 




Such appro&chea d«aand ^uite a new kind of research. Am E. K. Ziegler 
has refflarkel, "£xtenalve research in the rield of electrochenleal 
kinetic a could te esqpected to yleXl valuable results. Horeover^ only 
a small number of the possible variety of electrochenleal systems 
have yet been Investigate!. " 

Amoe« points vorthy of special Investlgatlen vould seen to be 

the follovia^; 

a. 3/Btema pov6i-el by liquid electrochemical reactants. 

b. Pnyslcal mechanisms for securing large reaction surface 
and yet preventing irreversible eaacinatlon of the reactants (emulsl* 
flcation with organic sepsrator fllasj bubbles; tschnlquea famlller 
from flotation processes in Dir_irg; csvitatiot:; ^^tz cf one li^'jld 
going Into another; tarTlera). 

?.^^ funlsD^stal theory cf the majcimum zate of nearly 
reversible electrolysis that is.jiz ptiiiclple, possible, from this 
theory one %«5uld i*-k tc ieteixlD* the VsLfic phyilcaJL paraafttera 
with w£i:ii advan^iei sell im^x- iaaali ncn-^.^m itself. 

Spec 1 f ir P.4< omj'Cjg : i or. ; 

Ac approprlat* a^-tccy inoili; 

4. %«^k srat the soar aavan-f^'d thla^iog at ASC laboratories 
and elasviiere O!^ how small u\l now moblls it iLay be eencelvable ten 
yeara hence no co&struct el«»rlc powtr gen.ej:atlag realtors with a 
view to cOTjcepVAil analysis if ar- a.ivar*ced t>jfil etneratiog system. 
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^. ri«ek advanced thinking on vhat a reactor could do If It 
vere deaifiped for producticn et hydrogen at the pptlamm rate direetlgr 
from water rather t^ian via electrolysis; 

e. Ir. the light of this Inforaatloc and experieme&ta on liquid 
hydrogen povering of existing equipiunt^ determine under vhat epecial 
conditions^ if aoy^ a hy<irogen-fuellel systen ai^t nake sense; 

d. L*'^ teztaine what indiviiiuals and instit^jtlcos are in the 
hest position ts co:itxi*?ute raAlrally oev aod luglcavive ideas to 
the theoxy and dssi^i of electrolytic cells > and 

e. Take whatever step« are raeded ic the way of conferences, 
workJstudy groups, arrang^aftc^ 2 virh go^-^ms^n*, laboratories and 
outsl(ie contrscts to stlariliV '*s* c^^^r-atiti vT:r*.tvblle advanced 
ideas oc: 

(1) n-actcr ttrhr al:^; 

(2) t^TCf stora^; 

(3) el*rtrclytic r*;is, 

(U) tl'ec♦^xt^a:c'li '''jcl a*r.r "^rtor.j asi 

15) f"*-*! uttiiis'i v. 
and to for^^ia vorVr on l*:-.tii*: -vvi^ r«5r:«:*ptual detign and 

evaluati?:: of a xeg'ner-aMv*. 1 .rt-^oi: U t^'^l zi ether adv%need fuel 
systeia that mign*- draat^icaily f ut /svl thi f^^l s'^pply pictlSA. 

P.. STfZ^ 

C S. Marvel 

I. f-riiw>i 

V T. Wall 

T. A. Wheeler 

ifependix "A" 

« IDA-AEPi» S-l 





A'k, TRANSWTSSIOK OP EMERCY THROUCT SPACE 

The group fae&rd of vork in progress on eleetrofflag&«tie oethods of 
traofloisslon of energy throu^ space^ intended for destruction of either 
ground targets (River Styx Project) or incooing miasiles (Project Cin4or). 
Other BOtivations are t Lso otvloos for seeking means to transnit energy 
through space; t3 supply pov*r.to forward combat locations; to operate 
reeoonaiasance droned; and to sustain svlft hlflih-altituAa drones for 
blocking ballifitic missiles. It vciild be as difficult to catalog all 
the 8pplication2 of a practical trsnsaission system as to txy a huzidred 
years ago to list all the uses of electricity. At this point one can 
only pass the Julgme&t. "potentially extressly important.** 

To look St spplicatiou^ and to seek to rtsscb them primarily by 
pushing existing approaches to the limits may v^ry veil lead to very 
vorth'-vhile advaiicfa- Hovsv-r, If pait hittoiy is any ffolde^ it vould 
appear that xbe cha^ss to tur^ up soot^thirg cev and promising vould 
be increased by alic locking into fj^luuba^sl prlcclples and examining 
nev concept 'jal C'C&£ina^.icn3 vithctit trying to ▼li'jalize any specific 
application in all detail. 

Littls time va£ available to r^viev the well^kn^vn fundamental 
principles cr to look int: ^ew cf»binaticns . Thereforey the follevisg 
coamects are offered orJ-y aa & limit-il survey of the field of etergy 
transmission^ to highlignt sc&e of th«: challeagifg; questioos and to 
suggest a few directions in ^ich «sffoi^ might prove especially verthvhile. 

/^p^ndix "A" 




Electromagnetic Bttdlatlua 

Electroaagnetic radiation Is a reasonable baala for a aysteis of 
energy transmission: 

a. the principles of propagation are veil understood; 

b. the radiation can be transmitted to great distances and 

directed; 

£. the technology of generating radiation has had considerable 

developoert; 

d. electrical circuits offer a more flexible technique for 
handling power than do any other known methods. 

For transmission over distances between 1 km and SO km the absorption of 
the atmosphere affects the choice of wave length a3 shown in Table X. 

Tablft I 

Wave Lengths, A Transmissible In the Atmosphere 

Be lev the lonospbei*. Figures calculated from 
taMes in "Piopagatioa of Short Radio Waves" 
«llt«l by D. E. Kerr. MrGrftw Rill Book Coc^any, 
Wew Yr^rk, 1951. 



50 p*r zt^t less 10 p»r cent loss 

permissible over permissible over 

1 km patn (3 db/ka) 20 km path 

{2 X 10'^ db/km) 

Clear veath*r trar.?- 
mission Eufficier.t A ^ 0.16 cm (but not A?' 2 cm; also 

In the immediate optical and near 

rieighborhood of 1/^ cm Infraxed 
and 1/2 cm); also 
optical and near 
infrared 

All weather tr%&:»- 

alsslon required 1 rm A^ 8 era 
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At greater distances the meteorological fompli cations of the atmosphere 
make proper beaming of the energy Increasingly difficult even vhen the 
path of transmission runs more than 100 meters above the ground layer 
Of air. Beaming also demands a narrow diffraction pattern and^ therefore^ 
a sufficiently large antenna (Table II). 

Table II 

Mirimuin Diameter, V, of Tra/ismi tting and 
Receiving Antennas of Ei^ual Sizes and 
Uniform "Surface Qalssivlty" Required to 
Reduce Additional Losses by Diffraction 
Below tilt Specified L^per Bound. 



Condition 


50 per c<ir.t diffraction 


10 per cent diffraction 




Ir?!?? 1 kT 


lcS3 at 20 ka 


5 X 10-5 ca (vj > 


0 • ^ cm 


D & 1 m 


clear vea^hrr 


Ac O.ld D s 2 m 


> ? 2 cm, 0 9 2C0 m 




A • 1 cm, D 4 5 m 


X • 8 cm. D s UOO m 



Note: All D values are rough estimates. 



The effective area of the two ente-r,** "an, in principle, be decreased 
below the indicated limits by a desi^. tr^at* iysf not assuxe uniform flux 
of high frequency :u:V'?r.t over the antenna s-irfaces. The optimum design 
depends upon the kind of crlt'-rioi zf "eff«ictive area" that Is relevant. 

A fantast.ic9ily nigh upp!»r limit is to the power density that 
can be transmitted by r^a^or. of th». breakdown strength of air for static 
fields, of the order of 30,000 volt.?/fK. 
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(surface density of power eaUsslon) 

s (velocity of llght/8 7r ) (100 electrostatic volta/cm) ^ 

• 10^^ ergs/cm^ aec 

8 1 megavatt/cm . 
The actual Halts are substantially less than this figure due to the 
frequency dependence of breakdown field strength. However, the power 
levels that are In principle attaiii^ble for antennas of reasonable 
size ar« in any case enoz^us. 

A rddiativ* output of 1 Mv/cm can be obtained from a thermal 
source only at teoperutures over 25,000 degxees Kelvin. Iberefore, 
attention is drawn away froa incoherent thermal radiation to mono- 
chromatic radiatlos. In seeking for high Intensity sources. 

An idsallzel antenna f?r the eaission of monochromatic radiation 
might be visualized as cco£istxng of two sheets of current, unifon 
in density^ over the antenna surface, sepajated in 5pace by a quarter 
wave length, one cscillatoiy conrat lagging in time ty a quarter 
period with inspect tc the ether. At a third the critical field 
strength (1/3 of 100 electroitati: volts per cm, or 1/3 of 100 gauss) 
and at a tenth the &e£Ocl&t!l power level - that is, a little over 
100 kilowatts/cm - eath muit have a surface dinslty of current 

of 6 aaperes per cm. To drive the oecillatory cuzrent against radiative 
resistance requires a field gr»lienl of 10,000 volts/cm. 
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Radiative energy in present day nlcrovave systeiu Is generated, not 
at the antenna surface, but In a separate unit, tram vhlch It Is piped 
to the antenna. The vhole design is governed by the technology of present 
day energy sources. To exploit that technology to the limit ia certainly 
an approach that deserves strong support. However, It may also l>e worth- 
vhile to afik whether quite a different design can he conceived, ia which 
the energy source and the antennas are one and the saiae piece of equipment 
Components for pulsing or aodulating the outgoing energy are already 
eliminated because it is energy transmission that is desixvd, not ia- 
foraatlcn trnnsaissicn as for radar. It is, therefore, ten^jtlng to try 
to eliminate other coaponents as well, such as magnetron and piping to 
the antenna. A model system offers itself as inspiration In the search 
for conceptual simplicity: the atom. A single electron circulating 
about a nucleus serves as both power source and antenna. 

Any attempt to conceive of an eaergy source spread over the antenna 
itself ha£ the follcwing guld«it ru.'-.f: 

a. A dlstrltutlon of current over the suiface at a uniform 
density of the order of X to 10 amperes per em^ or a more patchy 
distribution with higher local den^ltl*^. 

b. Potential gradients of the order of 10,000 volts per em 
on the average • again with r.on -uDlfom distribution a pojBlbllity. 

£. Periodic variation of the currents, properly synchronized 
in both space and time. 

d. An energy ix^ut. 

Appendix "A" 
ZDA-ARPA S-1 




In other respects there la an enormous range of freedom for conceptual 
deslga. The following possibilities are among the nany that obviously 
come to mind, individually and in combination: 

a. A hl^ etirrent electron or protw beam. 

b. Deflection "by electric and magnetic fields, 
e. Plasmas and plasma vibrations. 

d. Arcs. 

e. Cavities in electrical 0£c illation. 

f . Direct powering of the antenna by contact with rapidly 
rotating parts^ such &£ magnets or cavities, driven by turbine or 
otherwise from a primary thermal energy source. 

£. A plasma driven by a controlled tfaeraonuclear reaction. 

h. A receptor identic si is. le£lgn with the emitter. 
To have seen emerge in only two ieca/ies the magaetron, the klystron 
and a variety of traveling wave tutes is to recognize that the osppor- 
tunlties for invention are linltleiS' Bowever, it Is not clear that 
the incentives* for Invenrion of % ntv ^cergy transmission source, and 
some of the requirement? for it., hav* ^tt-er beta explicitly formulated 
and put before rho*» with rne gj?4t/?^t ci-ativ/* iftoginaMon and proven 
inventive ability in the field of eltctronics. J. R. Pierce, in an 
appraisal of the possibilities for generating electromagnetic energy, 
states, "Progt«ts along such novel lines can only come if exceptionally 
gifted physicists and e^giceers can be interested in thinking hard 
about such matters." It would appear worthwhile to convene as. ej^erc 
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vork*8tudy group under eondltioiiB qptlmal for generating new Idea* in 
this area of transmission of energy by eentloeter waves. Some members 
or Project Shervood would undoubtedly have a special contribution to 
sake. ThB view has oiten be<>n expiessed that this intensive work on 
thexnonuelear energy may in the end contribute even more through an 
understanding of the science and engineering of plasmas than throu^ 
achievement of an isipoz^ant new energy source. 

At still shorter wave lengths^ still more imaglaative methods 
suggest themselves for emitting energy. Among the possibilities now 
under consideration in a most modest way are; 

a. An electron beam guided at the proper distance above the 
surface of a ruled grating to produce visible radiation (V. V. Salisbuiy). 

b. Coherent emission of icfjrared radiation (Charles lownes 
and Benjamin Lax) as c engrafted to the incoher-ent radiation from 
theraal sources. 

Hie ppportxjiiLi'sd i£. tnese and ct^er diiectlons are so limitless that 
this field dfs^.rvss intense S'^^sport snl stimulation. 

The possibility also deserves couldieratlon that an atomic baab 
can be induced to emit radiaticn of a selected veve Iftagth, possibly 
even directed radiation^ by ttlawing the casing vlth a structure of 
cavities to stimulate hydrodycamlc plasma vibrations^ or with ether 
special geoB^tiy. 
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Oravltatlonal Radiation oad Weutrlnoa 

Tbese fornfl of radiation ofier. In addition to electromagnetic waves, 
the only known aethod^ to trassolt energy through apace with the speed of 
Ufl^t. They are afflong the moat Interesting topics In fflodezn physics. 
Eowever, there is not the slightest evidence today that these foma of 
radiation warrant work looking towards specific applications. 

Acoustic Radiation 

tte aaxlauffl steady state rate of transmission of energy will he of 
the order 

{speed of scucd) X (theraal energy density of air) 
2 

or a few kilowatts per cm . The exporentlal rata of attentuation is 
qtU.te low at rea*onatle fTftiuencles. However, reliable beaming through 
the open air fcr distances eve- 9? shorL as a itlle Is toraally out of 
the question, do* to reft sctloa by tsn^erature gradients and winds. 

Vortices 

7. G. VtTz.il and the wiit-^r aa/e dupUcatel in the latoxatozy one 
of the several K44>w»i types cf firiball. A glowlcg sphenr, Feveral 
inches ir. dlaacterj was cau^-1 to appear In the air acd to aove hori- 
zontally a nvattr of Tttt, at a ipe*i of a few neters per second^ until 
It went out with a pop • A smoke riog generator had been filled with 
city gas afid tappe>4 to eject an Invisible ring of gas. Bie ring, after 
traveling about a foot, passed through a spark discharge which ipiited 
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It. The gloving vortex continued to propagate. Presumably, mixing of gaa 
with air took place until an ej^losive eoi^posltion was reached az^ the 
firetall ended. 

A large Invisible vortex of ej^lo&lve gas could be used to diseonflt 
an eneior under suitable condltlonsj and might even be desigDed to 
produce heavy dasiage. The ring would travel noiselessly through space 
until ignited by flame or spiik aaong the recipients or their equipment. 
The ring generator is of exceedingly single construction: a box with a 
hole In one face and a rubber sheet for the opposite face. The vortex 
propagates through space with good preservation of identity, as seen in 
the behavior of "du3t ieviU" above western deserts. Hovever^ the same 
observations show hov vexT* subject the «<n would be to changes in wind 
direction and wind velocity. For this reason^ repeated tries might be 
necessary to score an es^losion. There ars easier ways to cause trouble 
except under spe'-.ial circuastencei, stich as operations where stealth 
and mystery are required. 

Vortices can also be pr^pagatsd w*4«r wat*r, quietly acl invisibly, 
but strong ftr.ough - as oa* l?vlividual hs3 t>e=tlfi-d - to kDock over an 
unsuspecting bathtr. AppllcAtions ai-e now kaovt but might be conceived, 
such as cairylDg limited packages . of snargy, of poison^ or of fuel, for 
limited distances. 
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Beana of Partlelee 

High energy electrcns and photons ore rapidly degraded in the 
atmosphere, locing about half their energy roughly every 1,000 feet. 
For high energy protons, the half-absozptlon distance is not nnich 
greater. This esqperlenee derives firom cosmic ray and accelerator 
experiments where the stream of particles Is too low In Intensity 
81 eciif leant ly to affect the properties of the atmosphere which blocks 
the passage. 

Lightning Illustrates that currents can flow with sufficient 
intensity to afl^ect the properties of the atmosphere Itself along a 
narrow channel. This channel Is very tortuous In the ease of lightning 
because the first electrons to go that way had low energy, were easily 
scattered, and were often replaced by other electrons. 

To replace these "uneducated" electrons by "educated" electrons 
ffoa an accelerator ai^t conceivably lead to quite new effects. If by 
use of high speed particles the channel can be made straight In the 
beginning, and the gas vithln heated so hot that the bulk of the lo^eding 
mass Is driven aside, then the door Is open to sending a qiUck burst of 
energy to a great distance. The use of such a burst to destroy a bal- 
listic missile has already been proposed by one of the group, P. G. 
Krjger, and also by others. Absozptlon by the atmosphere has been the 
great difficulty In earlier thinking along such lines. A new look at 
the problem, allowing for the response of the atmosphere to the beam, is 
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now vezy much In order. For this purpose, conceptual analysis and 
calculation, plus the enonaous storehouse of existing infomuxtion and 
theory r.bout llghtningi offer promising foundations for a auch better 
assessoent than ve have today* 

Specific RecogsBendations 1 

a. Soae agency should survey the present status of the field of 
propagation of energy through space to fomulate: 

(1) The methods of energy transmission that have been considered 
to date by workers in this country and abroad. 

(2) The research now In progress bearing on the problea. 

(3) Research workers who can contribute imaginative and sound 
ideas or even more directly forward a future program in this field. 

(4) Specific applications of interest to the Department of Defense 

b. Starting fmn the state of knowledge as thus defined^ a conference 
with a work^study character should be called • perhaps divided for some 
of the time into specialized groups - to generate new ideas, and to arrive 
at a first assessment of the areas sost promising for future work. 

£. Based upon the results of the survey, a steering comalttee of 
independent working investigators might be appointed upon the Project 
Shen^cod model to: 

(1) Make recamnendations to the sponsoring agency for research 
within existing government laboratories and for ccntrocts to universities 
and research foundations; 
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(2) To call periodic conferences for review of Ideaa and ea^erl- 
aeats; and 

(3) To ^ring to the attention of the Department of Defense areas 
vhere ioportant applications can pushed throu^^. 

Ab such leads develop, a more concerted effort should \t made to 
bring them into practical application hy agencies yet to he defined. 

Joha A. Wheeler 
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A-5. ATOMIC COLLISION CROSS SECTZOHS 

Knowledge of the Interactions of electrons and ions with atoaa 
and molecules has liqportant applications to the defense effort, as 
well as to many branches of science. We may mention a few such sppllca 
tlons: 

a. Atmospheric physical Ionospheric Ionization and recombina- 
tion rates; this is of loporcance for some proposed methods of inter- 
fering with eneqy cotBiual cations and radar; 

b. Weapons physics (ARGUS is one of the many inportant appll- 

catlcns); 

c. Missile development (the re-entry problca has been tied 
to several atoalc reactions; the detection of missiles within the 
atmosphere may be closely cotsected with atmospheric Ionization in the 
wake; means for destroying an ICEH within the atacsphere may exploit 
the weapons capabixities to such a limit that very detaUed knowledge 
of atonic reaction cross sections bscomes significant); 

d. Plasma physics and magnetohydrodynanics; 

e. Controlled theracsuclear reactions . here lack of knowledge 
of atDaic and oslecuiar cress sections involving laipuntles has been a 
serious problsa; 

f* Cheaical reactions in gases* 

Unavailability of accurate knowledge of atomic cross sections has 
retarded development In each of these fields. 
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Although the basic infomatlon has heen ayallafcle for UO years, 
much of atomic physics has teen ty-passed in the course of the develop 
ment of physics. 

This is true, particularly, of the study of the cross sections 
for scatterir^ electrons end loss by atoms and noleeules. It seems 
apparent that there do net exist "rules of thua^," or any practical 
theoretical basis, for making even qualitative predictions as to how 
these cross sections depend on the details of atonic structure. Also, 
no comprehensive handbook tsbulations of cross sections exist. 

There has been little i^rovement in theoretical technl^es for 
handling thsse problems since the late 1930' s. Developments In Intense 
ion soxu-cea and atonic bene «»pparatu9 vill provide nev experimental 
techniques which are Just beginnir<g to be used. 

Most work in ttls conL-ctlf^n has tended to be fragmented. An 
individual worker deterain-ss th«? cross section for an Individual 
reaction. Such results do sot in themselves secure a systematic 
description of the phenomsna. Also, much of the work has been quite 
inzccorate, discrepacicles as laige as a factor of ten remaining even 
after extensive studies >*av* be<& made. 

RecozTTiendatlog : 

A specific program for the stuay of atomic collisions might in- 
volve: 
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a. A awvey and eooriination of ealstlog vork (for tsxanplt, 
by eponeo ring conferences); 

b. Support of atomic beam and other experloental apparatus 
to develop practical means of measurement; 

£• Sncouragement of a supporting theoretical program to use 
nev tecfaniqiaes in quantum meclianical ecattiering theory and eooqputing 
methods; 

d. OnphasizlDg toe Isportaiice of relating observation to the 
details of atomic and molecular structure — and thus to ohtain means 
of predicting cross sections ft^m a knovledge of atomic structure; 

e. Preparation of a systematic tsbulation of cross sections^ 
as has been done, for exenple^ by the Eughes Comittee on nuclear 
cross sectloQs 

K« Watson 

A-6. MATTEB Ur«DEP ZXCEEDINGLY SIGH PRESSURE 

Recent investigation? ty B. G. DriclLaaer and co-vorkers have dis- 
closed that 3u:t stances under very nigh pressures (of the order of ser* 
eral hundred thojsand utmosph? res } exhibit unusual properties. Here* 
tofore most of the very high pressure vork has teen consereed vlth in- 
vestigating the efff^cts of cozspresslon as seen after release of the 
pressure. In contrast to such studies. Professor Drickamer has suc- 
ceeded in measuxicg certain physical properties (such as infrared d)sorption 
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and some electrical characteristics) while the substance of interest 
was under extrejic pressure. Among other things, he found that non- 
metals begin to show some metallic characteristics vhen the atoms are 
squeezed together so closely -that conbonded electrons from different 
atoms begin to interfere with each other. 

It is now suggested that the measiirement of properties of materials 
\mder extremely high pressure? warrants further intensive study. Such 
study might ensble us to understand better some of the phenomena 
occurring in nuclear explosions. It Is also conceivable that a 
whole new realm of solid state physics and physical chemistry might 
be disclosed. It is quite possible that the results would be of 
substantial value to astroscmers. Finally it is suggested that com- 
pounds of excited helium with other elements might be made under high 
pressures. If srabilization of such compounds could be discovered, 
a new type of fual might result. 

Reconir.pndat Ion : 

Support by an appropriate agency for good and forward-looking 
research pzopccals. 

F, T. Wall 
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A-7. IHTENSE MACNETIC FIELDS 
In the recent past it has become possible to achieve very Intense 
magnetic fields, J& 10^ gauss. The eventual scientific and technical 
ifflpllcatlons of very strong fields are not now clear but their la^ortance 
Is already evident. The essential point Is that on entirely nev range 
of physical parameters has become accessible: magnetic fields vlth an 
energy density approximation high explosive have already been produced 
with an expectation of even higher fields. The characteristic of natter 
under the action of such fields should be studied from the fundamental 
point of view, as should the fields themselves. 

A few escanples of promising uses Include: (l) the study of mixing 
in ijnplosive systems with the field as the light -decelerating medium; 
(2) the acceleration of charged particles by the action of the magnetic 
field; (3) construction of tiny focusing magnetic systems for use with 
pulsed high energy machines j {k) Inhibition of the photogn^hie process 
by the action of strong magnet ie fields; (5) containment of a plasma 
by longitudinal as opposed to pinch-type fields. 

Some ideas have b-en advanced as to ways In which even more intense 
i»ulsed fields can be obtain-rl by means of nuclear explosions. 

To date the amount of wori: don-s In this subject In the tree world 
is very small, with only a few active workers. Evidence exists that 
the Russians are active In this field. 
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Recommendation : ". -'r: 

An appropriate agency should sponsor a synposium on Intense magnetic 

fields, and seek fbr means to stimulate more forward-looking vork in 

this field. Among those active in the field vho might be invited to 

help organize such a syioposium are: 

H. P. Purth (Livermore) . .. 

C. H. Fovler (Los Alamos) 

r • 

F. Balnea 

A-8. FOBMmOW OF COWCEPTS OUT OF DATA; AMD SYSTPG REXIABILITY 
The Problem 

One of the principal problems that frequently arose In the course 
of Project 157 has been connected with large-scale data handling. 
This includes identification, classification and evaluation^ in addi- 
tion to computations proper. Problems of this kind are common to all 
three services; in addition, there is th% problem of inforaatlon flow 
vlthln the govemmeni itself. Justifiably the three services have 
individually pursued many avenues of solution for their many problems, 
right down to the fundamental aspects. These problems are, however, 
parts of a ouch more general picture. It is therefore useful to leam 
more about the basic luderlylng structure of this picture. 

The New Approach 

It is veil recognized that coa^uter development has been most 
impressive ond that aaibitious plans for very fast computers have 
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been fonmilated. Bovever, it Is our conviction that other^ qualita- 
tively different considerations should now he sought. When informa- 
tion about a prevailing state of affairs Is collected and stored, this 
is done for the purpose of answering qpiestions and making decisions. 
Hence, entirely novel procedxu-es of automatic data management must be 
developed vhich permit rapid sifting and assaying of individual items 
of Infonaation as to their relevance in generally eoaplleated contexts, 
possibly appreciated only in a qualitative vay. This operation of 
"intelligent" recognition of significant Items In a massive volume of 
a priori undifferentiated (background) Infozmatlon Is In marked eon* 
trast to the familiar approach by exact, abstract relations and precise 
Item-by-item sorting. Important contributions tovard this end vlU 
undoubtedly cone from a deeper ^aaderstandlng of how computers can 
better interact vlth neurological phenomena. As is veil known, the 
function of decision-making Involves data processing and confutations 
combined with thought processes. 

The exceedingly high sptired of computers contrasts vlth a much 
greater flexibility of the hycjsn mind. For exaz^ le, in directing 
air defense^ computers hav* been known to arrive at correct solittlons 
but at the price of very many changes of orders during the simulated 
battle. Human operators have been able to achieve the same kill proba- 
bility vlth fever changes. A problem is, therefore, hov to coiiiblne 
the speed of the former vlth the intuitive power of the latter — 
thereby attaining a higher level than either one can reach at present. 
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A generalised data processing eystem that atteiqpts to Incorporate 
the necesBaryj subtle features with heterogeneous Interactions Is likely 
. to be a rather complicated affair. Its complexity exceeds that of the 
Bodern computers and data processors. But for such eoinplex eqioipfflent, 
as for the recently proposed weapons systems, the question of reliability 
of perfonnance naturally srises. Procedures for the systeoatle reduction 
of the probability of malfunction on the part of a given system constitute 
an immediate objective of great Importance. Even more challenging, hov- 
ever, is the objective of devising our systesu In such a way that any 
failure will subsequently affect only the lowest priority functions. 
Since it is patently Impossible to build systems which never fall, the 
next best thing to achieve is the design of systems which do not fail 
when It matters. While It is true that logical design has attespted 
to keep pace with eomponent develqpment, the study of reliability and 
Its attainment even with unreliable coinponents has only been started. 
It is clear that this subject demands great attention In the present 
context. Especially Is this true for systems operating under great 
constraints or in times of national emergency. 

Familiar examples illustrate these remarks about (1) automatlied 
formation of tentative concepts or conclusions; (2) quick sifting of 
masses of data to confirm or contradict these tentative conclusions; 
(3) design for reliability with unreliable components. In science, 
weather forecasting has progressed some direction along lines (l) end 
(2), but has far to go In systematic application of these principles. 
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In national defense^ the fleldfl of coouDunicatlon and intelligence offer 
outstanding illustrations. In these areas a veil worked out philosophy 
of reliability and concept formation vould greatly strengthen our 
position. Also, improvements vould result in the behavior and relia- 
bility of a future antl-miaalle system or of the already-prograisaed 
?OLARIS system^ to take exaoples ftrom a vast collection in the field 
of veapons. Finally, a deeper understanding of features (l), (2) and 
(3) of decislon-maklng vould allow more realistic and far more com- 
plicated versions of war games than those presently being carried 
out on eofl^uters. 

Infomation Systems 

Digital processing and decision elements, perfected in the rapid 

evolution of computers, cure finding their vay into modem militazy 

information and control systems in ever greater number and increasing 

sophistication. Yet, no matter how generalized for the purposes on 

hand, the pattern of procedures according to which they have operated 

to date is that of arithmetic: exact, explicit and complete like an 

accountant's books. In contrast, one needs to examine the principles 

of large memories, initially chaotic and with quite iinperfect access, 

whose organization is effected and dictated by the application at hand* 

Systems must be thotight of that "fan out" into many channels, and this 

at several levels, operating simultaneously. At succeeding stages, 

sore and more detail may be accoouDodated, in a manner consistent with 

increased parallelism of operation. Further, an hierarchy of many 
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subsystems of storage Is desirable. These subsystems may IncorpoPBte 
various existing components like magnetic cores and tapes; electro- 
static devices, both dlgltaUxed and analogue; electromechanical or 
photogrsphic techniques; display scopes. There are other possibin- 
ties that have recently been proposed. What seems clear Is that the 
conventional devices are either buUty, time-consuming, relatively 
Inflexible, or iiq>ractlcal. 

Rapid access to stored information is presently Halted to 
portions of the data. Scanning large amounts of stored data is usually 
a time-consuming affair. Subtle, imaginative schemes are needed here 
that represent new dimensions. Perhaps the physiologist and neurolo- 
gist, in concert with others with different disciplines, can make 
radically new suggestions. 

Such systems should be designed to provide flexible interaction 
with the human being. This is an important aspect. Heretofore 
automation has been applied under those circumstances which have been 
sufficiently simple to permit complete automation without human inter- 
vention. In fact, the exclusion of the latter has been one of the 
principal objectives. For the more subtle considerations envisioned 
here, the brain must be an essential conponent. Interacting directly 
with the rest of the system. In a flexible fashion. 
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Reliability of Sy sterna 

Quite apart ftoa the questions of logical design and organization 
of a large systeia, there arises the separate question of the reliaMlity 
of perfomance. The question ia, of course; of serious interest to 
those concerned with any form of large system. Functaaental considera- 
tions have only been hinted at. What are the general criteria for 
evaluating the perfomance; to vhat extent can unreliable coaponents 
be used; hov much redimdancy should "be included; vfaat forms of checking 
or corroboration should be incorporated; these are non*trivlal questions. 
Thsse problems are also closely related to the coding schemes used. 
While we possess a very powerful theoxy of information we still have 
to make a decisive step forward in order to exploit this theory fully; 
this step is in the direction of the discovery of systematic encoding 
schemes . 

Some Imaedlate Tasks 

With current^ digital coiqputer design furnishing an Important 
take-off point for the proposed studleSj a number of specific ideas 
in this particular field are suggested as warranting immediate 
eicploration. 

a. The present thinking restricts Itself to a very small nusjber, 
usually one or two, of arithmetic units per computer. The ea3>hasls 
haS; in large part; been on speed. However^ with the development of 
cryogenic elements that lend themselves to printing techniques^ It is 
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possible, as firs- sug^.sted by J. Pasta, to conceive of a coiEiputep vith 
a fairly large number of arithmetical unite, say a few hundred, if not 
a few thousand. Such capabilities must alter our traditional approaches 
to solutions of numerical problems, especially In the field of partial 
differential equations. 

b. For many appM cations of Monte >rlo-i-ype problems, the structure 
of orithn..-;.:: units Is not very efflslen-. roBt applleatione 10 to 

12 bits • ; 'i:r.ts;r ujuUiy suffice.. "-^ .-^ 3 bits V.at -Txe usually 
available are quite unnecessaxy* 

c. Faster and mom eoi^lex computers are being designed to extend 
the range of tractable problems. For none of the computers being com- 
mercially produced has the question been raised of the significance; i.e., 
number of me aningf ul bits, in the answer or answers. One may 4m« g<n^ 
that an ac ejtable pr:: .dur - ,/:t be to describe a number, not only 

as a fr ct.on and an ^ssc.ri-;*^ 4 .xponent, but with an *'index of slg- 
niflcan e'. Thin bi-ute force approach clearly involves more hardware 
an. - ntrol caapll-aulons. If not some sacrifice in speed. Even so, 
it n' ^ c...'3:iletel7 clear vhat the appropriate rules should be. Some 
stTg stlonr have alrea'ly betn made, but more study is necessaxy. 

G enefjl Bjcommendatlon 

It is stronj^ly recomm nded that a group be formed to study these 

roble-3 and work cut a iasically new attack on them. It is necessary 

? •'-■'-i grou- in: u'e not only mathematicians and engineers, but 
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blologlats, neurologists, logicians and physicists. This group imist have 
at its disposal, free of encuabrances, funds and lAboratory facilities; 
the detailed nature of the Utter can be specified by the group as its 
ideas gradually develop. As these ideas become firm, it will be neces- 
.sary to e:q>and the program in some manner In order to reach its objectives 
of a working system. 

The quality of people, together with the desired spectrum of 
dlsclpUnes, is suggested by the following list (apart from the study 
group). We feel that many of them could be interested in a program 
suggested by the present report. 

Engineers: Julian Bigelow, LAS, Princeton Itaiversity 
Ralph E. Heagher, (diversity of Illinois 
Jerome Vieaner, Massachusetts Institute of Teehnolog; 
Logicians: Claude Shannon, Massachusetts Institute of Teehnolog; 
R. L. Ashenhurst, Uhlversity of Chicago 
Nlnsky (cf . Shannon) 

14athematl clans ; 

A. H. Taub, Itaiverslty of Illinois 

S. M. Ulaa, Los Alamos 

B. Bremeraann, Berkeley 

Statistician-Systems: 

J, W. Tukey, Princeton libiversity 

T. M. Andersen, Colunibia (diversity 

Carl Ohoan, National Science Academy 
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A. NeweU^ Carnegie Tech 

V. V. Bledsoe, Semdla Coxporatlon 

Qymonds, Staadard Oil of Nev Jersey 

E. Slffloa, Carnegie Tech 

Physicists: 

R. D. Richtnyer, New York Uhlversity 

Exigh Everett, Weapons Systems Evaluation Group 

L. W. Alvarez, Berkeley 

A. V. Lavson, Uhiversity of Chicago 

F. Seitz, University of Illinois 

J. Bardeen, Uhiversity of Illinois 

J. Pasta, Atomic Energy Conmission 

A. Nordslek, University of Illinois 

Biological Scientists: 

D. Mck. Rioch, IAS, Princeton 

A. Kovick, Uhlverslty of Chicago 

J. EofAnan, Buffalo 

Joshua Lederberg, University of Wisconsin 
J. Lettvlne, Mass. Institute of Technology, RIZ 
r. Rosenblatt, Cornell Aeronautical Laboratory 
H. Quastlee, Brookhaven National Laboratory 

Specific Reconanendations 

a. An appropriate agency should sponsor an interdisciplinary 
meeting in the near future on Formation of Concepts out of Data and 
Systems Reliability, to studly specific needs of this program, and to 
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try further to appraise the prospects It vlll opea out. Such a aeetlxig 
could be held in the area of the Argonae • University of Chicago - 
(Aiiverslty of Illinois con^lex. 

b. An advisory committee should be selected trcm those actively 
interested in this fields to recoscnend appropriate practical means for 
forwarding new advances in the subject^ including contracts and such 
new eooputatlon loboratoxy facility as seems appropriate. 

e* Possibilities for application to urgent defense problems should 
be sought regularly and imaginatively through this advisozy coonittee 
or otherwise, and, when identified, should be referred to appropriate 
a^acles of the Department of Defense for the earliest possible 
development. 

ft. Metropolis 
0. Morgeostem 
F. T. Wall 
F. J. Veyl 
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A-9. ARPA AND THE SOCIAL SCIEMCES 

Although the considerations of this gro^p have heen largely directed 
to the bearing of the physical sciences on prohlems of Hllltary Science 
defense, ve have heea auch ia^tressed "by the posslhlllties offered by an 
imaginative e^loitatlon of the eoclal sciences in the sane connection. 
A nufflher of groups have addressed themselves to this matter, in an 
endeavor to identify areas of research which mi^t hold promise in 
defense applications. Here we may cite in particular the work of the 
Suhcoonittee on Social Sciences of the National Acadeoy of Sciences, and 
of the Ad Hoc Advisory Gro\9 on Psychology and Social Sciences, Office 
of the Assistant Secretary of Defense for Research and Engineering. 
Both of these groups have described broad fields of study which have 
obvious and ijnportant military appUcations of both lomjediate and long-* 
range character. Ptoa both reports, one gathers the in5>resslon that 
far too little ea5>haslB is being given to the explotiation of the 
powerful tools and techniques at the command of the social scientist. 

Quite evidently, the present group, con^osed as it is largely of 
physical scientists, cannot presume to Judge the merits of detailed 
proposals for work in the social sciences. Nevertheless, we cannot 
reftaln tvom expressing our deep conviction that a vigorous explora- 
tion of these broader fields is of crucial iaportance to the defense 
of our countiy and that the advantages to be gained by their 
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exploltatloQ may far outveigti those to be anticipated tbe nore mundane 
proaecutlon of hardware developments. The oost spphlatlcated weapons 
eyetea is of little avail If it Is applied at the wrong place or at the 
vrong time or tiy the wrong people. More than anything else^ we need 
imaginative foimulation of policy^ careful articulation of objectives^ 
and considered evaluation of the relations of men^ weapons, and missions. 
ThtBt are problems which can only be solved by an enlightened and ag- 
gressive attack, utilizing the full power of all the sciences, but 
with strong emphasis on the methodology and substance of the social 
sciences. 

Recommendation : 

Ve strongly recoonaend that every isipetus be given to the fullest 
possible exploitation of social science and social scientists in all 
aspects of defense problems. More specifically, we urge that AREA 
consider these fields an inte^al port of "Advanced Defease Research** 
and select for support and escploitatlon certain of the fields reeom- 
Dended as particularly ioxportant ^ the two committees previously 
mentioned. Persons who mi^t be helpful in this field include: 

Dr. Rensls LUcert - Uilverslty of Michigan 

Dr. Dael WoLfle (psychologist) - Executive Secretary - American 
Association for the Advancement of Science 

Dr. Paul Fitts (Psychology, Human Engineering) - Uhiverslty of 
Michigan, Chairman, Social Science Panel, SAB, Air Force 

T. Laurltsen 
R. Weiss 
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A'lO, MIIITABY EXPLOmTION OF BASIC U.S. /USSR DIFFERENCES 

One of the nore consplcuouB aspects of current U.S. defense p lanni ng 
18 Its close dependence on technologtcal developaent. Surely It Is vital 
to our security that we exploit to the fullest such possibilities as an 
improved mastery of nature can offer to increase our defensive and 
offensive capability. On the other hand, e^cperience indicates that 
one way or another, every Biajor advance of this character is pronptly 
taken uP by the eneny, with the restat that the war-maltins potential 
of all countries rises with monotonous and frightening regularity, 
iBodifled by only ter^orary fluctuations in favor of one side or the 
other. 

For pui^oses of arguaent, we suggest that in the present state of 
culture of the nations immediately involved, the seeds of war lie in 
certain differences between nations, cultures and individual people. 
It seems quite unlikely that any serious ccnfllct could arise if 
Russians and Aiaericans were indistinguishable ftrom the point of view 
of ideology, environiaent, standard of living, etc. If these differ- 
ences could be !3 ft«?* to disappear, there would be little occasion for 
war as long as the earth can feed us all. 

If one agrees that the problem which eonfirants us depends vtpon a 
difference between the parties, it behooves us to e:cploit that dif- 
ference in solving the problem. Only in this way can we hope to 
obtain an advaiitage which will be absolute, in the sense that 
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duplication of the system oa the other side wlU not constitute a 
counter. As an otvlous but liaustratlve exawplft, a weapon which Inca- 
la.'Uated or destroyed any person who threatened to enslave his 
nelGhbor would satisfy most Americans and would te far more satis- 
factory to us than more conventional weapons whose discriminatory 
power depends on the accident of possession. Less trivial is the 
posslhllity that qualitative differences in the capaMlity of inde- 
pendent thou^t and action by individual Russian and American 
soldiers might be exploited to our advantage, particularly in a war 
involving great dispersion of combat units. Not less icrportant as a 
distinguishing feature, but less easy to exploit in our favor is the 
disregard for human life which seems soaetlnes to characterize 
Russian operations. 

Quite evidently, the invention of a truly discriminatory weapons 
system Is a difflcidt Job. On the other hand, putting a man on the 
moon Is also difficult, and the solution is far less Interesting in 
the present context. We sugcsst that the relative allocation of 
effort to these two endeavors is lamentably disproportionate in view 
of their respective Iciportasce to the preservation of our society. 
Even a modest Imprcvesent in our understanding of the enen^ may have 
the most important consequences for war and peace, and even the 
revelation of a single non-counterable weapon, diplomatic, economic, 
or military, m^ give ia:< advantages far out of proportion to the cost 
of even quite an intensive study program. 
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To elaborate the matter somewhat^ and to form some vague basis for 
a closer study, ve exaoine here a few of the obvious poiats which might 
be considered - and might, of course^ be auch aa^lified. These remarks 
are directed specifically to the question: "What differences exist 
between the USSR and the U.S.^ and how csn these differences be es^loited 
to our advantage?" Ci^-. 
a. Eaviroz:meiit 

(1) Russia is, to a considerable extent, a landlocked 
nation: communication by water is largely restricted to her canal and 
river system. Transportation of materiel and manpover ftom one point 
to another must therefore be relatively expenslvej both in terms of 
capital ei^uipment anl fuel. To what extecit con this e^q^ense be aggra- 
vated by wartime interdiction of the canals? Do the canals and locks 
offer any specially advantageous targets? Could the threat of as^hibious 
operations on the northern coastline be used to force the Russians to 
jwiintaln large forces in this Inhospitable terrain? The rather con- 
spicuous difference in the availability and. usefulness of the oceans 
to the two sid^A wouil suggest that strong emphasis on naval and 
aosphlblous capability on the part of the U. S- might well be to our 
advantage. This is clearly an exazaple where we need not, and in fact 
must not, simply attes^^t to match the Russians one to one. In the 
past, command of the oceartS nas many times determined the fate of 
nations . 
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(2) Eastern and Western Russia are rather poorly connected: 
important Inatallatloas on the Pacific are separated by vast reaches 
ftron the center of authority. Might It not he possihle to cut off and 
eUminate essentially all of Siberia with a relatively email effort? 
Would it be possible and profitable to establish and supply large bases 
of our own in this territory? 

(3) Large areas of Russia have ex:reiDely cold winters and 

offer only marginal suppoit for their populations. Could this situation 
be aggravated by any conceivable modification in climatic or ocean 
current patterns? What would be the conseq,uence8 of a moon shot? Would 
cutting the Isthmus of Panama affect the Gulf Stream? What are the 
possibilities of modifying rainfall patterns by systematic cloud seeding 
in Western Europe? Could a new Ice Age be induced in Northern Russia? 

(U) Prevailing winds in the Korthem Hemisphere run fton 
West to East. Can this factor be exploited through massive gaa or 
fallout attacks? Could the nere threat force Russia into eaqpenaive 
coutiteraeasures? Coull b&lloon*carried weapons or instruments be tised 
to our advantage? What use can be made of the Jet etream? 

It is abundantly evident that many more differences can be dis- 
covered in the environmenty social structure, economies^ ond personal 
attributes of Russians and Americans. Opinions will differ as to 
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which of these differences can be turned to our advantage in a nilitory 
sense, but an adequate appreciation of their existence and of their 
ifl^lications is surely* essential to the aost rudimentary approach to 
the^ basic problem. It is suggested that a systematic study by a group 
coiQ>rising experts in both social and physical sciences mi^t reveal 
possibilities for some qtUte sophisticated veapons. 

Rec ommendat 1 on ; 

Support of such a work -study group by an ^propriate agency. 



T* lauritaen 
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B. EWVIi^ONMENTAL ANALYSES 

B-1. THE PHYSICAL EITnROMMENT OF MIUT AHY OPERATIONS 

Of the many factors which bear on the effectiveness of weapons 
aystemfl of any kind, bitrely a hroad knowledge of the physical envlron- 
nent In which they are to function is aaong the most basic. Whatever 
our weapons nay he, th#^ must operate In the latd, sea, air or the 
space outside, and in many cases their design must make expUcit use 
of the properties of these media, particularly those properties 
generaUy categorized under the fields of geophysics, oceanography, 
meteorology, and physics of the exosphere. Because of their great 
importance and universal interest, all of these subjects have been 
explored in some detail, both by military and clviUan Investigators, 
and an extensi'/* body of knwl«d^^ has been accumulated. Within each 
of the indl Aial disclplincr, macy natioaal and international agencies 
have been established to coordinate research activities and to 
faclUtate coUection acd dissemination of laformatlca. In addition, 
the individual military services have vigorously supported both basic 
and applied research in these fields to the extent that one may say 
that there are no immediately otvious subjects of military importance 
in which efforx Is completely lacking. 

On the other hv.d, APrPA has a responsibility which trinscends 
the obligations of any individual military arm, and one which is not 
necessarily met by any purely clviUari agency. ARPA should concern 
itself with long-raDS'5 projects, often out of the context of a 
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particular applir<it.inn^ nji.i *tiould be prepared to exploit any improvement 
in basic knowledge, pirticulaxly in the fields under dlscuselon here. " 

tMder these circumstances.. It vould seea appropriate to suggest 
that ARPA maintain an active interest in these fields of endeavor, and 
search actively for subjects of possible military interest in which it 
may be desirable to increase the level of support. 

In the* Work -Study Croup's brief expoiure to current military problems 
several fields have appeax«i which seem to deser'/e increased attention. 
Of thece, porhaps the most coL5pi:uous are those branches of oceanography 
and "ocean meteorology" having to do with long-range sound transaisslcn, 
propagation of electromagnetic isdiation in water, and the topography 
of the ocean floor- It fceen5 tbat U. S. effort in these matters is on a 
far smaller scale than that of the U5SP, particularly on the last- 
mentioned subject, and fer less than their impoztance would Justify. 

Another field In which mor^- effort vould ccsa to be indicated hun 
to do with thi^ effects: of rniioacMvity from nuclear weapons in the 
environwent of a ground There seems to le insufficient effort 

in this arvu i-elative to 'h* iaportance of a thorough understanding of 
this matter ar.d of ^ne tactical advar.tages to te gained from an ability 
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to deal vlth it. Aside ftrom the rather obvious observation that the 
necessary instrunents and indoctrination do not appear to be available 
on anything like a realistic basis either in the Army or among the 
civilian population, there seem to be significant gaps in the basic 
knowledge rec^uired to deal with fallout problems. 

Still another area %diere a hard look is required to determine 
whether our current research effort is adequate, concerns the properties 
of the upper atmosphere, the ionosphere, end outer space, especially 
as regards propagation of electromagnetic radiation and charged 
particles. It has become apparent that the feasibility of a number 
of weapons systess under current discussion depends in & direct way 
on certain of these properties about which only guesses can be made 
at present. 

It should, perhaps, be observed that the functions of the U. S. 
coasaittee on the I.G.Y. are illustrative of the power and usefulness 
of a coordinating agency in accelerating a bro&d field of study. 
Vith a budget and a manpower coicnitaent which is certainly not 
excessive, this group has ealisted active support from a large number 
of independent Institutions and have done much to make possibl* 
research on a world-wide scale. 

1/ It should be einphasized that the Study -Group • s information is 
quite scanty and that the implied criticism may be quite unjusti- 
fied. Tiiese remarks are intended only to suggest that the 
situation be examined. 
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Recommendation ; 

The rosBltlUty that AR?A .uleht perform a simiiar strvlce, or even 
Inherit certain of the functions of the I*G.Y. committee vould seem worthy 
of seriouB consideration. ' ' 



T. Laurltsen 
R. Shephord 
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B«2. RADIOLOGICAL MAPPING AND COMBAT SDRVEILIAtCE 

Cumntly planned aucleer e3cploslon detection and analysis techniques 
seem^ on the whole, to fill a significant part of the need for conibat 
intelligence on this subject. On the other hand, the proposed system is 
rather complex and much of the information obtained is of less than 
immediate interest to local Battle Groi^ and Divisional conmianders. For 
the purpose of an officer planning an immediate operation in a l>attle area 
vhere nuclear weapons have been used, the principal questions must 
evidently have to do with the existing radiological situation within the 
locality in which he expects to maneuver. For hia the greatest need is 
for a current, detailed radiological map and for the abili*^ to make 
quick spot checks at points within a few thousand yards of his lines. 

The levels of radiation which are of military si^ilficaace are 
enormously high eoiqpared to those which are encountered, for exazqple, 
in mineral prospecting. Typical levels in the latter case woxild be 
some tenths of miUi roentgens per ho'jr, ^ereas a level of some tens 
of roentgens per hour night well be regarded as an acceptable risk 
for transit of troops. It follows that the necessary instrumentatioo 
for militajry applications can be most crude and rugged - possibly 
designed along the lir^es of a meteorological radio-scnde. 

A number of obvious solutions suggest themselves, ranging from 
the most simple, expendable instruments, available even at platoon 
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or company' level, to drone-carried or pocket- op notap-flped devlcea, 
contpolled, for eacan^le, at divisional or corps level. As a miaimua, 
it would appear that daily veather naps issued by local meteopological 
units could easily include rathep detailed padlologlcal infonnation. 
In addition, as indicated atove, quite simple arrangements would penait 
a local conmander to investigate the situation for himself at any time. 

ate natter dealt with here does not in itself require any basic 
study, nor indeed any appreciable development. On the other hand, the 
apparent lack of ei^hasis on this ppoblem in current planning for 
combat surveillance measures suggests that the implications of a 
radioactively-contaalnated battlefield as a matter of daily course 
may not have been incorporated into operational doctrine to the extent 
which the situation demands. Die existence of high radiation levels 
as a more or less permanent feature of the environment poses a nuzaiber 
of questions, and the ability to aceoDsaodate to such a situation may 
well be decisive in an operation involving nuclear weapons. 

Recoanendation : 

Emphasis in current planning on radiological mapping and coribat 
surveillance. 

T. Lauritsen 
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B-S. STATISTICAL DATA TO PLAH FALLOUT ASSOCIATED WITH 
USE OF ATOt'tlC WEAPONS BT A RMl GROUND FORCES 

How to lay dovn tomorrow a desired pattern of fallout la in^ortaat 
for on area commander Just as It Is inportant for local commaaders to 
know how to lead their troops safely throufiji today's battlefield 
radioactivity. 

The planning of groxmd hursts to achieve a desired fallout pattern 
is only partly understood. The planning depends on meteorology, plus 
such knowledge of the winds as is given hy field neasureeents. Proper 
planning demands acre - a knowledge of how reliably a specified fallout 
pattern can he secured. 

Recoasendat Ion ; 

An appropriate agency should sponsor research: 

a. On the statistical variations of winds - in time, distance, 

and altitude - ahout the values indicated on the kind of measuring 

equipoent that will he used in the field; and on the correlations among 

such variations; 

h. On the planning of measurements for this purpose; and 

c. On how to use the results to tell what one can do reliably 

about securing a desired fallout pattern. 



R. Shepherd 
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B-^> A KADIATIOM DETECTOR FOR FIELD USE 



The urgency of providing a simple and adequate radiation detector 
for field use has led to the development of a large variety of In- 
genious devices^ and there seems little douht that If the need becomes 
sufficiently acute, several quite satisfactory solutions vlU he 
available. The present note describes a scheme vhlch offers some 
advantages as an interim measure and vhlch might deserve some further 
study, at least to the extent of assuring patent protection of the 
government's interest. 

Among the many devices which can detect nuclear radiations, 
probably the most faolliar is the Geiger-Mtiller counter, vhlcb gives 
an electrical response in the form of a single pulse each time aa 
ionizing particle traverses the sensitive voluiae. Uhder normal con- 
ditions, the cosmic rays and natural background radiations will 
produce a few coxmts per minute in a Gelger tube with a volume of a 
fcv cubic centimeters. For the most primitive device of this sort, 
four elements are required: a Gelger tube, a power supply of a fev 
hundred volts, a simple anipllfier, and an indicator • often In the 
form of a headphone or loud speaker. With the exception of the 
Gtfiger tube itself, all of these coi^ponents also exist in any vacuum 
tube radio receiver. In principle then, conversion of a standard 
receiver to a radiation detector requires only the addition of the 
Gelger tube. 
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Many possibilities for the aechanies of the conversion suggest 
themcelves imiQediately. Perhaps the most attractive would appear 
to be a simple replaeenent of one of the audio aaplifier tubes with 
a plug-in unit con^rising an identical tube to idilch is attached the 
Geiger counter and associated electrical circuitry. The Gieger coxmter 
tube, >^ch need be no more bulky than the standard minature radio tube^ 
might be connected from the aaiplifier tube's anode to the control grid^ 
with a suitable coupling condenser and a limiting resistor, the vhole 
arrangement mounted on a standard plug*in base so that no Internal 
connections need be made. A sli^tJy sore sophisticated version might 
incoxporate a separate switch to disconnect the Geiger tube when desired. 

In normal operation, the effect of the Geiger circuit would be to 
8uperii!;>08e occasional "clicks'* « some 3 to 30 per minute, depending on 
the size of the detector - on the normal receiver Bigaal, providing a 
constant monitoring of the background radiation whenever the receiver 
is in operation. Any significant increase in radiation level would 
immediately manifest itself by an increase in the frequency of clicks. 
An increase of a factor of two or three would call for some investi- 
gation - a factor of ten increase would be far outside the limit of 
normal fluctuations in background^ and would constitute a definite 
warning. A factor of 100 would represent a radiation level in the 
general neighborhood of the so-called tolerance dose (a few tenths of 
a roentgen per week). A dangerous radiation level would produce a 
continuous series of clicks, or might even render the device inoperative 
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(this last eoatlneeney could be guarded against by suitable circuitry). 
An ordinary radlum-dlal watch held close to the Gelger tube would evoke 
an Immediate response and would provide a convenient method ot checking 
the function. 

It Is evident that the Gelger counter device here conceived does 
not provide all the q.uantltatlve Information which might be desired In 
case of a fallout attack either In military or civilian situations. 
Such information requires more sophisticated instruments and the inter- 
pretation requires trained observers. On the other hand^ in the present 
world situation^ and for the Immediately forseeable future> what is 
req,>iired is a warning device which is sufficiently insistent to connnand 
attention^ and which will not be foiind to be out of order when the need 
comes. Assuming that the technical development does not present un- 
foreseen difficulties^ devices of the kind described here could be 
procured very rapidly and easily installed in the field. Ihey could 
be made available for all mllitaxy radios down to company level, and 
possibly even to platoon level. Conversion of civilian radios would 
be equally straightfonwird. Adaptation to low- voltage, battery- 
operated or transistor receivers can certainly be made, but would 
probably present soiae coiqplleations. 

RecC"^'*ndatlon; 

Construction of plug-in inserts of maximum simplicity and evaluation 
with a view to widespread installation* 
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B»5. WrUTARY GEOPHYSICS 



Meteorology is an Is^ortant Input Into the loilltaiy equation and, by 
this token^ is an important part of military geophysics. But, so also 
are climatology, geography, drainage, landfonns and ecology. Much data 
in these areas must still o'btained. Also, much exists vhlch has not 
teen used or even coi^rehended. Hllltaiy meteorology availxCble at the 
time, if used, could have changed Napoleon's caiqpaign in Bussiaj Hitler 
neglected to profit by Napoleon's lesson; and the same mistake vas 
repeated in Korea by our own forces. In each case communications 
apparently broke dovn. Ttie men Just didn't get the word. 

Today there is equally narrow understanding of the icportr^cc of 
Bilitazy geophysics for future struggles. A detailed knowledge of rain- 
fall, soil factors and the covering road net in future combat regions 
may be Just as in^ortont in the solution of the mobility problem as a 
much-hoped-for breakthrough in drive power for vehicles. Systematic 
study of the local zeteorolbgy of the Korean combat zone, vith fore- 
casting techniques to predict whether or not the second valley over is 
fog-bound, or will be fog-bound in fo*ir hours, may well have changed 
the outcome of engagements as well as Indicating entirely different 
tactics. 
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Ttie follovlng sorts of Information will be urgently needed in ^ 
future land combat. Mastery of techniques to get this information can 
veil epell the difference between victozy and defeat. 

Indirect Bomb Damage Assessment 

Knowledge of the qptisnm effectiveness of nuclear weapons in 
casualty production xeqjaires a knowled^ of what the meteorological 
environment of the target area viU be at time of strike. Atmospheric 
attenuation in the target area viH have a marked effect on the 
effectiveness of thermal radiation as a casualty producer and^ also, 
can aid in the estimate of how much protection can be afforded to 
e^^osed personnel. 

Use of Photography, TV and Infrared 

To be fully effective, the above techniques being planned for 
combat surveillance oust take account of the effect of meteorological 
factors on atmospheric transmission of visible and inft'ared radiation. 
Absorption of infrared due to the presence of water vapor and eaz'boa 
dioxide in the air, and the attendant scattering of the shorter visible 
wavelengthSi seriously affect the performance of optical and infrared 
equipment, so nnich so in some cases as to make the equipment useless. 

Meteorological Corrections for Sound-Panglng 

Wind fields, water vapor content, and inhomcgeneities in the 
atmosphere have a significant effect on the accuracy of bearings on 
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enecty artillery and weapons as determined by sound-ranging gear. Sound* 
la-air detection as a technlq^ue has 'been effective in World War I and 
'but the llaitation on* accuracy of location of enemy weapons depends upon 
the ability to obtain timely meteorological data as well as to determine 
the influence of landforms and vegetation on acoustic ranging. 

Meteorological Corrections for Ballistic Missiles 

Uhguided missiles^ and, in a number of cases, missiles with terminal 
guidance, rec^uire knowledge about the wind fields to apply corrections 
for accuracy. lu particular, such missiles as the LITTI£ JOHN are affected 
by low-level winds during launch. Little is known about the variation of 
local winds and how to measure them to effectively correct the paths of 
such missiles. 

Meteorological Data for Fall-out Pred^ictlon 

Existence on the nuclear battlefield will depend upon being able to 
estimate height of buirst, position and yield of the weapon, average 
particle size of radioactive material, velocity of fallout profiles, 
and wind fields as a function of altitude. Studies in these areas are 
far from adequate. Far greater effort must go into such stitdies before 
the aaswers tc faiicut preoictlca can be glveu. 

Meteorological Corrections for Radar Accuracy 

Radar range acciuracies are limited today by the variations in the 
propagation characteristics of the atmosphere. Accurate knowledge of 
refraction is closely linked with the meteorolo^ of the propagation 
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nedliun. Further Improvement of radar accuracy con enhanced ty more 
accurate knovXedge of meteorological factors Involved. 

HeteoroloCT for Amy Air 

Amv Air although limited by size of aircraft, flight altitude and 
range requires the same type of meteorological inputs traditionally 
associated with the early growth of the aircraft industry. Much interest 
will lie in local meteorology rather than the synoptic type forecast 
now available. Landing fields will be rudimentary in construction; nl^t 
operations will predominate, end various kinds of sensing equipment carried 
cn beard will be directly influenced by the atmospheric conditions. With- 
out a full understanding of the factors influencing the environment, no 
local forecasts will be possible and the full potential of aircraft will 
be highly degraded. 

General Meteorolo^ 

I«uch as been said regarding the Importance of seteorology in weather 
nicdificitlon, in clicatolos/', in rastery of the Polar and tropical en- 
vironments and In up^er atmospl:eric pheaoaena. The attack on the problem 
of synthesis of the sssy related pheac^mena has been '/ery spotty. Siere 
appears to be no central group concerned with un overedl understanding of 
these phenoraena and their relation to military and civilian requirements. 
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Rec oamendat 1 on : 

The Department of Defense has a vital stake in meteorology and other 
fields of military geophysics. The present unsatisfactory state of 
military meteorology is a reflection of the retarded and narrov scppe 
of unclassified meteorological research. An appropriate existing agency 
should consult with L. Berkner and others closely associated vlth ad- 
vanced thinking in this fields to determine what should be done to 
produce an order of magnitude improvement in the present level of 
forward-looking research in this field, and in the amount of young 
talent attracted to it. 

R. Weiss 
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B-6. ON DETtiCTIOW OF SUBMARIMS3 THROUGH SURFACE EFFECTS 

Several suggestions have been made concerning the posalhlllty of 
tracking submarines or surface vessels by virtue of changes which 
they produce In the water. These ouggestlons include detection of 
electric or eleetroma^ietle fields^ detection of induced radioactivity 
(for nuclear-povered vessels), chemical sensing, and bolometric aeasure- 
nents. It would seem natural to Inquire whether the mechanical 
disturbances of the water does not deserve more consideration in this 
connection. It is well known that the wake of a surface vessel remains 
discemable to the naked eye for long periods - certainly aaoy minutes, 
soaetlnes for several mile's behind a fast-moving vessel. It may be 
presxiiaed trom. this observation that some change which is introduced 
into the water by the propeller must persist in a form which may be 
detectable at even greater distances with suitably chosen instruments. 

One conspicuous change which is associated with propeller action 

is the introduction of large quantities of rotation, in the form of 

"whorls", or cells of circulating fluid. Dissipation of the angular 

momentum of these cells occurs almost entirely throu^ vlseoxts forces, 

and in such a relatively non-viscous fluid as water, such cells may 

be expected to persist for a rather long time. An instrument desiffied 

to detect small amounts of rotation in the water mi£^t then offer the 

possibility of a specific indicator of propeller action, even long after 

the source has passed. Diffusion of the \diorls to the surface mifi^t 

reveal the presence of even a deeply-submerged submarine. 
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We understand that eone attention has "been given to the detection 
of this and other siurface effects 'by both Canadian and U. S. investiga- 
tors, and that the results seem promising^ although some aspects of the 
phenonema observed remain obscure, ^ese reports, together with the 
puzzling observations referred to as Hldar, Chloe and others, suggest 
that ve have ouch to learn about the nechanical properties of the sea. 
Quite recently, the OHR have undertaken a major program in an effort 
to identify the inportant areas for further work in this field. In 
view of the importance of the subject and the expectation of r^pid 
advances as more effort is brought to bear, ve recoamiend that AKPA 
keep abreadt of these developments and be prepared to lend further 
s\;gpport to the program if required. 



T. Lauritsen 
J. Veyl 
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C. PROJTCTS AIID APPLICATIONS 
C-1. BALLOON ATTACKS AND OCBER NON-COWVEHTIOWAL WEAPONS 

In various current etudles the possi'billty of using fallout In a 
retaliatory attack on Russia is considered. The fact that west-east 
winds prevail is of great ia^ortance in this connection, but oxir know- 
ledge of these winds, their seasonal shifts, local peculiar! ties, etc., 
is inadequate. 

It is necessaiy to point out that the possibility, envisaged by 
some, of using balloons, carrying nuclear weapons into Russia, encounters 
great difficulties. For one thing, they would have to be released in 
Western Europe and it nay be difficult to aeeoinplish this during wartime 
there. They aay drift into friendly territory, etc. But they nay 
offer soae possibilities In a prolonged war. 

It Is quite different should Russia decide to use this nethod of 
attack and coablne It with other forms of attack. Such balloons, 
carrying perhaps aiegaton weapons, co\ild be released in Siberia, or by 
subaarlnes in the Pacific, reach the Jet-stream and drift over the 
whole of the U. S. and Canada. They could be fused so that they sense 
cities (by means of infrared), or other objects. They would carry self- 
destructive devices; e.g., so that they detonate at least over the 
Atlantic Ocean should they have failed to go off over the U. S. Balloons 
traveling at, say, 6o-80,000 feet, would play havoc with our local air 
defense. They cannot be reached by fighters and are difficult to shoot 
down by expensive nisslles. Many of then would be decoys, but it would 
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impossible to distinguish decoya from the real thing. Even, if the 
bnlloon were shot down, the weapon could easily be fused so that It 
would e::plodc at any rate, at ony predetermined altitude, while foiling 
to the ground. It is a cheap weapon. 

It is true that all this would obtain were we to use balloons 
acainit Russia. Whet need; to be pointed out, however, is that we 
have here anoU of the fact that many technological develop- 

xents of the last years give & greater advantage to the Russians than 
to ourselves, even If vc should have initiated the development. It is 
cle2x, for exaj;r. 1, - Liie density of our population settlements 
icaices the U. S. far more susceptible to fallLut attacks than Russia 
is. A i:-JZA=%Iti<-type Russian subsarine force is another case in point. 
The miniaturization of nuclear weapons opens the way for the Russians 
to use then. in sabotage artd other clandestine operations far more 
effectively than we can ever do in regard to them. Clandestine operations 
against SAC, for example, deserve the fullest study; the presently-taken 
precautions a^zjttist them can easily be nullified. 

The purpose of this note is mainly to indicate that we should not 

be exclusively concerned with the new features of future weapons systems. 

Ve should also try to solve the problems offered by the unconventional 

uses of existing weapons. It must not be forgotten that some decisive 

victories in past history, reaching far back into antiquity, were 

gained precisely because some imaginative leader thou^t of a suzpzlsing 

use of weapons which in no way differed from those of his eneqy. 
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A balloon attack on thia country couldi taken Itself ^ never be 
decisive. This is obvious. But with proper tialng, and in cooblnation 
with other forms of attack. It could produce enormous amounts of con- 
fusion, fear, and cause large damage* It is a particularly unpleasant 
weapon should the nuclear war tend to be prolonged. One recalls the 
Japanese balloon attacks lAiieh vere only a nuisance; but ouch has 
happened since, and the \ihole matter has taken on entirely new dimensions. 
For that reason^ much thought should be given to the non-conventional 
forms of warfare. 

Hecoma^endatlcn : 

Balloon attacks and other non-conventional forais of warfare should 
be quickly and most thoroughly explored with all the aid science can 
offef, through work-study groizps composed of able, imaginative people, 

and through other effective means. 

0. Morgenstem 



■ - ?5 - 
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C»2, DEVELOPHSWT OF BREEDER REACTORS 

In response to various requests trt. thin the group, I note down 
herewith, in short foi», ny views on the developnent of breeder 
reactors in the U. S. 

a. There is not enough U^^^ in the world to Justify our 
enormous nuclear power prograa that would sustain the future world 
eeonon^ "by huming U^^^ as a sv^plenent to fossil fuels. 

b. utilization of resoiurces deaands that we learn how to bum 
effectively all of the raw materials - naaely U^^^ and Th^^^. Uranium 
and thorlua oust be thought of as coaplementary fuels in the sane 
sense that coal and oil are coaplementary fuels. 

c. nie successful development of any breeder reactor to the 
point where it can be di^licated on a large scale for general use 
is a long and exceedingly dlfficxilt technological Job. It will be 
necessary to expend substantial sums of money over many years to 
accomplish this aim, no matter when the program starts. 

d. In the context of the over all Iniportance to the future of 
the fuel problem (see Recoma»idation A-3)# I ^ believe ve are 
devoting enough es^hasis to the devel^ment of breeder reactors. 
Although some work has been continuing in this area, the nation's 
reactor development program does not have as one of its principal goals 
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the development of aucceseful breeder systems 'based on both uranium and 
thorium. 

Recomnendat Ion : . 

Tte Importance of nuclear reactors for the long-term future of the 
fuel logistics problem (A«3) requires that a much greater effort be made 
to develop breeders based on both uranium and thorium. 



R. Chazple 
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C*3- USDERSEA BEACOIfS 

During Qvr briefings considerable eaph^sls was given to tbe problems 
of generating high-power acoustic sources for long-range propagation and 
ranging studies. It appeared that a valuable contribution to these 
general problems night be made by the design of a high-power, unattended, 
undersea acoustic beacon, whose output alght be progranDed. 

To this end the following observations are made: 

a. Of the possible energy sources which suggest themselves, only 
storage cells and thermal energy ftrom fission products have been con- 
sidered. One cannot, at this time^ select between them for lack of 
detailed knowledge covering the storage cell situation. 

b. General Dynamics has done some experiments on producing 
acoustical energy in water with a spark gap source. They have been 
'.^ry successful according to information which has been received. It 
should be pointed out that apparently similar ea^erlments at Voods Hole 
have not been very succecsful. 

c. The U. S. is now producing enough Ce^^ in the Hanford and 
Savsnash River plant waatec to power several hundred such beacons per 
year according to prelimicory calculations. The ccaceptuol beacon 
design which has been considered has a useful lifetime of the order of 
a few years. Other possible fission product sources have not been 
studied, although there nre undoubtedly other satisfactory raw materials. 
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d. 'Jslns Cq* aa a heat source, and using the re<iulred number of 
coF::cr-ccn5tantrji thermocouple Junctions., It is readily possiWe to pro- 
duce z beacon vhlch can charce adequate capacitance in parallel and, on 
connand, switch the connections to series and discharge the stored 
energy into a spark. 

e. On the basis of the General Dynamics experiments mentioned above 

it appears possible to obtain the energy equivalent of 10-100 pounds of 
Zn vita a repetition rate of the order of one pulse per hour. 

r. The beacons can and nust be desigaed to be self -destroying under 
certain predetermined situations. 

la addition to the uses of such a sound source for survey and re- 
zcarch purposes, the following systems adaptations suggest themselves: 

a. A ::cace-tlse aid to surface and sub-surface navigations. For 
c:u::jnle, a sucsarine nay use the beacon for a secondary na'rtgaticn sys- 
tc and for the calibration of ozber '^dersea acoustical gear. 

b. As a lov capacity cc=unicaticn link between a deep-lying 
subnarlne and the continental U. S. 

'.ie advance these systea applications only very tentatively. 

a -cent iaforzation coianunicated privately by Dr. Wiesner suggests 
th:.v it is not a aajcr problem to coscunicate to deep-lying subs ftoa 
t:'.e U. 3. (Also see •"BASSGOn", Appcrii:: C-5). The reverse Unit 
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from sub to U.S. :.s ipjareatly ctlll an unsolved, problem. It Is noted 
that there are in the Pacific and in certain areas In the Atlantic^ 
SOF.\R ch^jinels^ by virtue of vhlch z few pounds of ITIT equivalent 
energy can be heard for thousands of Biles. Accordingly, ve conceive 
of ca I have heard you snd vill ccaply vith instructione" signal being 
the principal requirement. 

It is suggested that the submarine might communicate vith the 
proposed beacon via a low intensity signal, and the triggered beacon 
communicate with the shore via a high intensity signal ^dileh the sub 
also hears; thus the sub icnovs that its aeknovledgment of Instructions 
hr.s been transmitted. 

■.c::c.-^endaticns for I^irther Studies: 



a. Investigate the av:ilability and capacity for production of 

Ihk t \ 
*e . (OrillL. has been requested to investigate this matter nov. } 



b. Investigate possible preliminary designs of a fission product- 
rcvcrcd spsx>. source. This is undervay at OXIL. 

c. Investigate the utility of the undcr'-zater spark as an acoustic 
source. The General Dynamics end V/oods Sole studies could be extended 
if a. and b. above suggest Interest and feasibility. 

d. Investigate the extent to which P0L\RI3 locations can cooounl- 
cate with the U.S. via SOFAR channels. Via Aubrey Price of the Havy, 
Woods Hole Inboratozy has been requested to moj^e an e^loratory 
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invo3tis2t:on of this natter. Prellminaiy reports Indicate a favorable 

situation. 

It is a relatively staple xoatter^ once a design can be established^ 

to "build a bcttery-povered acckup cf the proposed beacon and make some 
tes;ts in the ocean. Ihis vculd be a straight -fcrvard and short-tera 
experiment for aay of the established laboratories. 

If these ideas appear valuable to COD and seen feasible. It Is 
assuced that operctlonal use would be dctcralncd b^- appropriate agencies. 



R. Charpie 
G. P. Kruger 
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2/ 

C-U. MUCRAISS DUCTOR- 



Potenti^ Purposes of the Weapon Systen 

To px'ovide a J.^ar-'.se shield about U. S. continental shores, preventing 
penetration by cncs^- subaariaes to locations for delivery of IRBM's on 
U. S, cities snd ailitory installations. 

To provide a long rauge anti-submarine screen for U. S. Naval 
operations . •^V-""' ' 

To sweep the oceans of aU unfriendly subcersibles and surface ships. 
To attac:: unfriendly shore installaticas froa great distances. 
To serve as a vehicle for charting ocean floors. 

A very high-speed hydro^et torpedo, povered by a snaU nuclear 
reactor. Speeds ll/.c 150 laiotc or greater are desired. The dia=eter 
of the torpedo need not be restricted to the usual 21 inches, because 
ejection froa conventional subaarine torpedo tubes is not essential. 
The nuclear reactor should be capable of operating for long periods of 
tice. For dual capability for both reccnaaiscance and attack modes, it 
aay be desirable to have a capability of asseabling the reactor into a 
scall nuclear ei^losion. 

2/ Early thin>.:ns on this subject vas given in a Sandi a Corporation 
Technical I'.oaoraadua SCTl'S 23? 58{5l) W. Shephard) 



- ICk - 
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a. A hooing sonar with large diameter transducer operating at low 
fret^uency, say 7 V-c, capable of distinguishing submarines and other enes^ 
submerslhlcs. 

b. A sensins device, if needed, vith high power to distinguish 
submarines or other unfriendly subioerslbles ftoa marine life and 
possible decoys* 

c. A computer (or control system) to: 

(1) £::ecute hoeing and disengageaent. 

(2) Fespond to "don't hone on ne" coded slgsals from ftlendly 
vessels snd submarines. 

(3) Make fusing; decisions for attack node. 

(k) Collect data and transmit messages for reconnaissance node, 
and to execute required navigation for performing such transmission. 

(5) Execute navigation along predetermined sveep paths, cr 
target approach paths vhen used against shore installations. 

(6) Respond to cozsond control signals from control stations. 

d. A navisation de^/lce to execute sveep paths or predetermined 

c ourses, except when interrupted by homing operations, with capability 
of resuming sveep when ho!£in3 is disengaged. 

c. Suitable transDltters and receivers. 

f. Appropriate fusing and safing devices for attack mode. 
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3. A suitable self-destruct device. 

h. A generator, iapelled by movement of the torpedo, and electricity 
storage for needed electric pover. 

Operation 

The control of sweep paths and receipt of Bfissages in the reconnais- 
sance mode may te exiecuted £^m shore bases or marine pickets, suitably 
located to provide a marine shield about U* S. continental shores or to 
intercept exit from unfriendly shore installations. Such locations may 
be widely sejsrated, because the reactor hydrojet nay presunably operate 
for lone periods of tir« vlthout service or replocesents . 

Before actual outbreak of hostilities it is probably essential to 
use the vehicle only in the reconnaissance node. Here several alterna- 
tives arc a::parently available. Two of these alternatives cxe: 

a. V'ten a subnarine is detected and honed upon, HAXRVCSS may 
trcnsnit a vaming of the presence of the submarine and continue upon 
its sweep path. 

b. Or, the reconnaissance torpedo may continue to tail the 
subcarine with intermittent transsiission of warning messages. 

Durins ^/criods of hieh rlsl:, before hostilities, submarine 
approaches to our shores for delivery of IRSiM's may be declared restricted 
oce?A areas, and then the varhead option may be put into effect vith U. S. 
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sat3r.rinc3 rrotected bj- "don't hooe on ae" «lgnals. Shore -based and 
marine -stationed olssiles and airborne weapons may be uscd^ alternately^ 

to anke the attack. 

The hazards of malfunction assosiated with the warhead option may 
be nininized by usias the system In the reconnaissance modes during the 
early stages of development and operation. But it may be advisable^ 
" eventually^ to Introduce the warhead option. 

Ibe reconnaissance vehicle may be integrated with long-range 
listening operations, if the latter are effectively available. Then 
HAUCRA^S may be sent over long distances Arcs listening stations to 
suspected targets at speeds 5-10 times greater than other vessels or 
subasrines (excepting hydrofoil surface craft), with capabilities of 
Investigating potential submerged targets not available aircraft 
or surface ships. Airlifting to search area cay be perfcrmed, if 
needed. In either case, the search toi?edo may "be progrssssd or 
ccrzand signaled to return to base, if search falls to yield a target. 
If a target is located, it say be attacked by the search weapon, air- 
craft, or by shore- or marine-based missiles. 

Random movement about predetei-aXned mean sweep paths may be 
efficient, end even unavoidable due to the existence of marine life 
not distinguishable as f(U.se targets In the early stages of a homing 

opercLtlcn. If constant bearing navigation is used, the possible in- 
creased dispersion of the search torpedoes at the end of the sweep path 

- l-'5 - Appendix "C" 

rlpyfl ffHiirtr IDA-ARPA -S-l 




will have to be aeccmaodated by some dispersal of pickets and use of 
conimand signals. Inertlal navigation, preprogramned, may possibly be 
used, since the envlroncent and response times required seem commen- 
surate with existing or near future technology. Random movements may 
be superposed on the inertlal navigation during the search operation. 

An employment of TXAUCRXT^S in regular^ defensive shield-like 
reconnaissance sweep paths over long distances is probably desirable, 
but the exact patterns vhleh may be most efficient need detailed study. 
Intemlttent high-speed cruising and low-speed listening may and, per* 
haps, must be used to secure for the search tozpedo a substantial radius 
of detection. Sonar search presents new problems at high speeds, par- 
ticularly if the vehicle is traveling essentially in a bubble. If 
extensive enecy submarine action is clearly indicated, large numbers 
of search torpedoes, preferably with warhead option, may be used to 
sweep ocean ^proaches. 

Naval task forces, including ?GLARI5-ax=ed submarines, ml^t obtain 
long-ran^ defense against attacking anti-submarine submarines armed 
with missiles, by deployment of DAUCRATES in spiral search patterns, 
and by sending tbc^i against possible targets identified by long-range 
listening devices. In both cases it may be desirable to use the attack 
option of the r^.onniiissance vehicle. Also, KAUCRAIES may be deployed 
to sweep T\Li.^ fields, if the homing and sensing devices are adapted to 
Ihis kind attack. 
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As 1 last thought: it nay be possible to use such a reconnaissance 
torpedo to chart the ocean floors^ If suitably instrumented and suf- 
ftclem.ly accurate inertlal devices are available to determine the exact 
location of sweep paths mode. 

Significant Paraneters 

A very rou^^h calculation of system effectiveness will serve to 
Indicate significant parsoeters and provide a ainiplifled basis 'for 
Judging the worth of the system. . v .'^ 

Consider a sweep between two points, A and separated by a dis- 
tance d, as indicated in Figure 1, end confine the calculation to a 
plane configuration. 

Figure 1 
R 

V 0 _V- 
T C T 
A» • , .B 



Assume that the enes^ submarine follows the strategy of crossing 

the sweep path at right angles with uniform velocity V . Let R denote 

S s 

the locH-on radius of the torpedo homing device; treat R as a sure 

S 
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n;uaber (i.e., not as a raadon variable) and assume kill la made if the 
submarine Is cau^t within a distance R of the sweep toxpedo. 

The subset of points on the line AB for location of the torpedo 
where Idll can be cade is approximately the sequent CO Where 

TO ■ ^ 

and the toxpedo and submarine are taken to be moving in the direction 
Indicated, This subset of points remains the same, if the direction of 
detection is restricted to the forward semi-circle. 

Then, if, at the ticse the submarine starts to cross the sweep path 

at a distance R- from the path, the positions of the toxpedo on its 

o 

sweep path are equi-liliely, the survival probability of the suboarine 
is approximately 

2?. V 
1 - S • T 



'2,' E>:actly, to the ce?r:er.t CO sust be added a line se^nt to the right 
of 0, starting at 0 end cf length 



2 

/ y V 

T T 
X . R. / 1 



« . 7 I 



S s 
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For N such crossings^ taken independently! the over- all kill probability 
P approximately satisfies: 

I jN 

; 2 R V : 

(1 - Py.) . '1 - S • T . 

Solve this eq,uation for If to get approxlcaately: 

log (1 - P«) 
H s 2 



2 R V i 
log 1 - S . T 1 

If the torpedo can travel 3 tiaes as fast as the eneoy subaarine (i-e., 
V 

^ , 5)^ R ■ 5 nautical ailes, d ■ 1500 nautical ailes, and systec 
effectiveness Is set at P - 0-9, the required nuaber of search tozpedces 

Jv 

is 

H • lo?^ jO-lL » 1 • 68 

log (0.9o7 O.OlUd 

For a sweep distance of 30CC nautical nlles the nuaber required is 



H r log (0-1) ■ ^ ■ no. 
log (0.98) 0*009 

Zf the lock-on radius of the torpedo hoaing device can be increased to 

10 nautical alles^ or the torpedo can travel 10 tiaes as fast as the 

V 

subaarlne (i.e., R o r T are doubled), the nuaber of torpedoes re- 
quired for 1300 and 3000 nautical aile s<<reeps are 33 and 68 nspeetlvely. 
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Xbis sixple (very rough) calculation illustrates the sigaifleaace and 

approximte role of soice of the systea paraoeters. Relative velocity of 

torpedo and target subaarlne Is laportaat. The nuniber of search tor- 

V 

pedoes required is alaost inversely proportional to T i also, approxi- 
mately inversely proportional to . (intuition sug^sts that system 
effectiveness depends upon V-^V^jd and R_.) The foregoing calculation 
serves to indicate the nature of this dependence and to give approximate 
values cf N for various values cf aome of the obvious coopcnent perform- 
ances and operational parameters. 

The nuaibers 68/33 and 110/68, for nunbers of torpedoes required to 
kill 9 out of 10 attacking submarine s, taken alone^ do not pro''/ide com- 
parative interpretations, except perhaps to indicate that an effective 
defense neeas possible, assToins, of course , that co^onents cen be 
designed to operate reliably with the perfoxaanees presxoed by the values 
taken for R^, V^, and V^. More will be said, later, about cooqponeat 
performances and the related research and development problems. 

However, core understanding of the potential of HAUCRAZES can be 
obtained h-j co^arison vith conceivable alternative defense systems 
e:<prc3sed in coi^arable siiaple terms. 

S^npo&e that the defense against submarines is to be obtained by 

placing stationary, atomic mines along the sweep path, which have the 

property thalf, if a submarine approaches within a distance R to a mine, 

S 

the presence of the submarine is detected and distinguished from other 
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objects, the mine is detonated and has a nuclear yield sufficient to 

destroy the submsvine. Tben for a kill probability of 0.9 and for R 

S 

equal to 5 and 10 nautical nlles^ the approxiaiate atomic yields required 
for the mines are 1.2 H£ and 3,3 IS! respectively, while the yield needed 
for tlAXIlV^y if used in an attack mode, vould be in the very low 
klloton range. Ihe number of mines needed for defense lines of length 
d s 1500 and d : 3000 nautical miles are 135/63 and 270/I36 respectively, 
corresponding to an R of 3/10 nautical miles. In these terms the search 
torpedo coc^ares very favorably. For the purely reconnaissance mode, 
this ccc^ariscn may still be valid, and even more favorable, if the 
positive detection radius of Btationaxy posts is not greater than the 
homing detection radius of the search torpedo - which is likely, because 
the homing operation involves en integration of information. Also, fixed 
posts may be more vulnerable to destrjction. 

Consider still another cozq^arison, by supposing that sutearines are 

posted ucdezvater in fixed positions on the defense line, and equipped 

with a missile which can be fired out of the water along a ballistic air 

path to an underwater target at remote distance (e.g., sub-roc). If 

the effective target location range is R nautical miles, giving the 

S 

larger defensive submarine vehicle the benefit of sufficiently^ accurate 
target identification and location at the homing range of KAUC5UISS, and, 
perhaps, xising Isr^r warhead nuclear yields than that required for the 
search torpedo, the number of stationary picket submarines required for 
2 kill probability of O.9 is the same as that for the mines. Again, 
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the nucle?.r-povcred| hydrojet, search tozpedo compares favorably^ even if 
the effeciive target location range of the defensive suhmaclne is taken 

as 2 H , becauce the greater speed of the torpedo makes It potentially 

S , 

& better reconjaalssance vehicle. 

None of the foregoing cociparlsons adequately establish the system 
effectiveness of NAUCRAIES, but they do suggest that it is worthwhile 
to undertake a detailed analysis of the system, by extending the con- 
sideratlon of relevant paraoeters, defining both performance of com* 
ponents and operational characteristics. Also, Integration of the 
weapon with friendly submarines deployed as defense centers should be 
considered. Then the desirability, directions and extent of research 
and developaent on nuclear hydrojet, homing and sensing devices, com- 
puters azid navigation equipoent can be evaluated. 

Suggestions for Further System Study 

The foregoing simple calculations were made for only one use of 
the proposed weapon (i.e., sweep along a defensive line) on a highly- 
idealized basis, assuming that the probabilities of survival across 
each of the R paths were Independent. A more realistic calculaticm 
of system effectiveness is desirable, considering the various con- 
testing strategies of submarine penetration and countermeasures, 
patterns of sweep paths and relative locations of toipcdccs on the 
paths, with proper accounting mode of operational difficulties. Also, 
it is essential that coi^arisons be made with existing and alternative 

systems. , 
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For exaaple, the eneny submarine nay 11 a ten for the torpedo (undoubtedly 
it win be noisy), decoy it to search away ftron Its location, and proceed 
to attenpt penetration across the defended area, vhich nay put additional 
reiulrenents upon the detection and sensing equipment of the torpedo - or, 
it may be necessary to deploy the search weapon from defensive submarines 
or shore bases equipped with long-range listening devices, and program 
the toipedo to search in a specified area. 

The peacetime reconnaissance role of the system merits detailed study 
and evaluation as to logistic cocplexity (for given effecti-«ness) in 
comparison with other systems. Does the proposed system provide a basis 
for constant defensive readiness which cannot be provided by present and 
proposed equipoent, by seeltins out and tracking submarines for long periods 
of time? What Is the v^lrn* of an extensive reconnaissance system, which 
itself nay furnish striking power to the defense? 

raere will, undoubtedly, be Interactions between the paraaeters 
described in the previous section. For exasiple, range of detection may 
decrease with torpedo velocity. Such interactions should be Introduced 
into a study of contesting subaarine and torpedo strategies, so that 
evaluation nay be made of the desired degree of increasing coBponent 
I.erformances. What advantages are obtained ftron higher and higher 
torpedo velocities? 



• U3 - 
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Siiggeptior.s for Research 

Begordlesa of the merits of the proposed reconnaissance and anti- 
submarine defease system, certain areas of research are indicated, vfaieh 
seem worthwhile on general grotmds. ■ ' * — 

a. Design of Nuclear Reactor Uydrojet Motor 

f SocethinG UKe 15 caegawatts of thermal energy will be required 

for speeds greater than 100 knots. It appears that about liters of 
reactor volume will provide this power. , "T^ 

Considerable research on the design of the reactor power plant 
appears to be desirable. For the uze intended, shielding is not 
essential. But high powers and long running times are needed. Studies 
on corrosion of reactor elements are required, particularly at the high 
running tec^eraturs which may be encountered. Bow can the salts of the 
sea be kept from deposition on the reactor elements until emitted from 
the Jet nozzle? Can sufficient power be obtained in a reasonable size 
to drive the tozpedo at 200 knots - the answer to this question appears 
to be yes, but corroborating research is neeL 1. In view of the tre- 
mendous advances in reliable, compact, long-range propulsion systems, 
enphasised ty the recent dramatic IIAUTILUS trip, it seems appr^riate 
to initiate vor't: on an iintracospact reactor of the type needed for 

!iAu::urEb DiriOR. 

i 

b. ^drodynamic Control 

At speeds better than 100 knots, the degree of cavitation will 

be such that the torpedo may be largely traveling In a bubble. What 
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shapes raav -be used to doialze the control problems? Can Jets be used? 
Bow are suitable cootrol surfaces obtained? OSiese questions suggest 
extensive taydrodynamlc studies for very fast traveling subanerged bodies. 

£. Flow Noise - 

At the speeds contesplated, the dominant noise appears to be 
flow noise. Research on the flow noise associated with very fast travel- 
ing submersed shapes is needed. What are the characteristic levels and 
frequencies? Also, since the torpedo may be aljnost a fully eavltating 
body, what are the noise characteristics associated with this cavitation? 

d. Homing t^echonisa 

If sonar is ecntes^lated for the homing device, which seems 
likely, many problems arise. What vibrations are ii^arted to the trans- 
ducer? Can it operate In the presence of the flow and cavitation noises 
associated vith very fast traveling torpedoes? Must there be ftequent 
short intervals of lov.sr,eed listening? Are the variations of flow and 
cavitation noises sufficiently random to be integrated out of the return 
signals received by the homing scair? What size of transducer is needed 
to give desired homing ranges? Soas of these problems appear to be in- 
suznountable, but extensive research is needed for their solution, end 
these studies should be closely integrated with those suggested in b. 
and £. above. 

e. XTavigatlon 

2he response times required appear to fall within the current 
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and near future state of the arts on Inertlal devices, particularly if 
the speed of the torpedo Is decreased during the homing operatiOQ. 

f* CooQ^uter 

Considerable research is indicated for the conputer control 
system. The exact characteristics will depend v^oa the operations to 
he performed^ and the possible functioning of this system has been 
indicated above in the section on supporting eq^uipment. The effects 
of the radiation field of the reactor on the coaoputer csoipaneats need 
to be studied. 

In all of these research areas some work has been done, with 
the exception, perhaps, of the cocputer. But the research effort 
appears to need considerable extension. The Ordnance Research Labora- 
tory and the Underwater Sound Laboratory of the Kavy are doing research 
on Flow Noise and Homing Sonars. Areojet hss done work on chemical 
hydrojet for the ITavy. But these efforts need considerable extension 
to meet the performances proposed for KAUCRAIES. Oak Ridge has done 
considerable work on snail reactors, but not related to salt water 
hydrojets. The writer is not aware of any research being done on the 
cofl^uter or the hydrodynamic control problems of almost fully eavitating 
bodies. 

It is suggested that existing I^aval contractors and facilities 
be supported In extending their work to cover the research areas in- 
dicated above. Oak Ridge may be asked to do woz^ on the reactor. 
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S ■;ecl f i c Rec onnendat Icn : 



The aost advanced thinking at ASC national laboratories and elsewhere 
on ultracoiapact reactors should he sought out ^ the s^proprlate agency 
and used to make prellalnary conceptual deslgi studies of a 100>knot to 
250-knot hydrojet torpedo^ vlth a view to early Initiation of further 
appropriate supporting research and evaluation of a weapons system hullt 
on such torpedoes, for an antlsuhoarlne shield about the U. S. and for 
other ffiliitary purposes. 



Ronald tf. Shepherd 
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D. PARTICIPATIOW IN PROJECT 137 
D-1. MEMBERSHIP OF PROJECT 137 



Dr* Robert Cbarpie, Associate Director, Oak Ridge National Ubnratory, 

Oak Ridge, Texmessee 



Mp. N. Christofllos, Group Leader, Radiation Laboratory, University 

of CaJLifomia, Liveimore, Calif. 

Dr. Val Fitch, Assistant Professor of Physics^ Princeton University^ 

Princeton, Hev Jersey 

Dr. Glen Fowler, Director of Research, Sandia Corporation 

Albuquerque, Nev Mexico 

Dr« Paul Garabedian, Professor of Katheeatics, Stanford University, 

Stanford, California (kindly re- 
leased for the time of this study 
by the Office of Biaval Research, 
London Branch, vlth vhich he is 
at present serving on leave from 
Stanford) 

Dr. rjirvin Goldberger, Professor of Physics, Princeton Uhlverslty, 

Princeton, Xfev Jersey 

Dr. Robert Joyce, Associate Director, Central Research Department 

Laboratory, E^erinental Station, 
S. I. du Pont de Nemours and Co,, 
!711aingt<>n, Delaware 

Dr. P. Gerald Kruger, Professor of Physics, Uhlversity of Illinois^ 

Uzbaaa, Illinois 

Dr. TJioaas Lauritsen, Professor of Physics, California Institute of 

Techziology, Pasadena, California 

Dr. Carl VAr/el, Professor of Cher.i8try, University of Illinois, 

Uz^ana, Illinois 

Dr. Ilicholas Metropolis, Professor of Mathematics, Institute for 

Conputer Research, Uhlversity of 
Chicago, Chicago, Illinois 

Dr. OsHar Itorsenstem, Professor of Economics, Princeton University, 

Princeton, New Jersey 
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Cr. laidor PerLnan, Ppofeeeor of Chemlatry, University of California, 

Berkeley, California 

Dr. Frederick Relnea, Group Leader, Los Aloisoa Scientific Laboratory, 

Los Alamos, New Mexico 

Dr. Ronald Sbephard, Professor of Statistics, University of California, 

Berkeley, California 

Dr. ^tarvin Stem, Assistant to the Vice President; General Dynamics 

Corp., 1+45 Park Avenue, Rew York, N. 

Dr. Sa-Tiuel Trleman, Associate Professor of Physics, Princeton 

University, Princeton, Kev Jersey 

Dr. Frederick Vail, Professor of Ch«mistzy and Dean of the Graduate 

School, University of Illinois, 
Urhana, Illinois 

Dr. Kenneth Watson, Professor of Physics, University of California, 

Berkeley, California 

Dr. John A. Wheeler, Professor of Phj-slcs, Princeton University, 

Princeton, Rev Jersey 

Dr. Eugene P. Wigner, Professor of Physics, Princeton University, 

Princeton, New Jersey 

Dr. Ihcaaa Ypsilantis, Professor of Physics, Uhiversity of California, 

Berkeley, Callfoznia 



Participants from the Department of Defense 

rr. Richard V.'eiss, Acting Chief Scientist, U. S. Any 

Dr. Joachim Weyl, Chief Scientist, Office of Haval Research 

Col. Taylor Dzysdale, Division of Advanced Planning, U. S. Air Force 

Dr. Orr Reynolds, Office of the Assistant Secretary for Research 
^ and Engineering 
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BHiETinas 



The follovlng list Is based upon the advance program plus nlnor 
changes and therefore does not reflect all of the last minute changes 
made In the progroia nor list all vho participated, especially those 
who helped by vay of special visits and providing special data. 



1^ July 



openhtg session 



Remarks by Mr. Boy Johnson^ Tirector « ARPA; MaJ . Gen. Jaaes McCoraack, 
IDA; Dr. Albert G. Hill, WSEG; and Prof. John A. Wheeler, Princeton. 



Key Defense Problems 



RAdn J. T. Hayvard, AaiO (B&D) 



AimsuS'iARiins warfare 



U5N Operational Capabilities 
in ASW 

Task Force Alfa Operations 
ASW R2II 

?roposeu Approach to ASW 



RAda J. £. Weakley, ASW 
nepiiiness 

RAcn J. S. Thach, Cosaander HSk 

Cdr C. E. Bishop, OUR 

Prof. F " Hunt, Harvard 
(aTsc VAdm if. G. Cooper, 
VAda F. T. Watklns, Dr. 
Paul Siple C&pt :Uchard 
Hblden) 



15 July 
A5IPA Prosraa 

Problems of national Defense 
Issues Facing Army R&D 



Dr. Herbert York, AKPA 

Dr. A. G. Hill, WSE3 

Dr. Willioa E. I4artin, OSA R2J) 



HOVf CA:I massive TO^IHITISS of FU5L BE PRO^/IDED FOR FIELD USE 



Future Amy Organisation and 

Requlrcr::cnt 

Superior Enercy Sources 



tt. Col. W. K. Bennett, ODCS, 

for Army 

Col. C. W. Clark, Chief of OHD 
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l6 July 

Major Issues Facing Air Force 

R2cD 

Wanalns ond Response 



Mr. Richard Homer, SAFRD 



MaJ. Gen. J. H. Waleh, USAP, 
Asst. Chief of Staff for 
Intelligence 



Urgent Ballistic Elisslles and 
Advanced Problems 



BALLISTIC mssm: Aim advaitced pROBin-is 

Col. Ed^rart Hall, AF m Div. 



IT July 

/fr Defence in an Electronics 
Count emeasurcG Envlronaeat 

ITuclear Icebreslcer 



Cdr John G. Fisher, WSEG 



Dr. Allen Vine, Woods Sole Lab. 



suKiAiuiiE co:j?j:TiCAno:i 



rOLuUS Co:x3unlcation Problea 

VA/sSK Conrr-ml cation and 
Identification 



Capt. J. D. Veazey, SP Project 

Capt. n. C. Lynch, Cndr. 
SD Group 2 



i:- Jul- 



ATC-y COISAT SUir;EILLA:rC2 A:JD CCvrJIflCATTOIIS 



.'iTiiy Cosiuni cat ions end Target 
Acquisition 

Critical Pequiresients, World-wide - 

CoTiiaurl cations 

Ccsnunl cat ions iu a. ^toblle Ar^/ 

Application of Ileural Processes 
to Cos=nunlcatlons 



Col. George Wert a, USACSA 
M*r. Clifford D. Kay, SIG 
Mr. H. Parser 

Dr. D. McK. Rioch, Walter Reed 
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21 July 



hmi HI BATTDS 



Battlefield Surveillance and 
Other Urgent Problems 

Experiment ai Development of 
Tactics end Doctrine 

Conbat Simulation, War Gaming 

HuRi&n Factors 



Lt. Gen. Arthur G. TrudeaUj 
CRDUSA 

Brig. Gen, Gl'bb, CDEC 



Dr. Phillip Lovry, OEO 
Dr. Lynn E. Baker^ OCRD 



2^ July 

Urgent Problems of Arany Basic 
n^ccarch 



Dr. Ellis Johnson, ORO 
F07i.IS OF WAHF.Mffi 



CVf and 5W Uses 



Psychcchenical Agants 2nd 
.\r.tldotc5 

SpcciaJI. Devices 



MoJ. Gen. V. M. Creasy, CtfS 
Dr. Silver, Ci Laboratories 



Dr. rten Brovr.icg ^d Dr. David 
C* Williains, Sandia Corporation 



^/^ July 

Mmrdenln;; Su::t.ilnsd Cap&- . 
bili'-ios; rt:cuperation 



•>:<*nt i.'njolved Vro'tl^z sf 
Civilian Eefencs 



Ii; Re search Adequate in "on- 
Military Dercns?? 



DEFEiTSZ 



Dr. 3erQ3n Kahn^ ?and Corp. (with 
Dr. A. J. Cl&zi:, Dr. L. D. Berkcvlt: 
and Dr. E. Boven) 

Dr. Lsuritscn T&ylor, !iational 
Academy of Sciences Consnittee on 
Civilian Defense (with Dr. Richard 
Park and Dr. Shea Kruegel) 

Mr. Cerhardt Plei^en, HASCCD and 
Jchn Hancock l4utuaX Life Incumnee 
Coop any 



Jul- 



^r-^ce 



/J5»A p?.on.z-i3 



Mr. David A. Yoxicg, ARPA 
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imu^ tr<'r '^.^iPi 



> 




SoUd TUel Pyqpel lints 



fir- Ilchard L. ?o^' 



25 JTdy 



"1 Ju!7 



The Early V^j-iis^ Frat ira 
Viral-- : 



1 



P.eTtort f roa AF WooCs ?»ole Group 
Project P.iver Styx 



Prof. F. Seitr. I'l 

Signal Carps rerr": 
Fort Mbisnioxitl. 



July 

"Big Dish'' - Probleas and 
Possibilities 



RAK-l J. rs?. Ei.yvfr 
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